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1  Draft Overseas Environmental Impact Statement/Environmental Impact Statement (OEIS/EIS) Surveillance Towed

Array Sensor System Low Frequency Active (“SURTASS LFA”) Sonar Program, U.S. Navy, July 1999.
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EXECUTIVE SUMMARY

The Navy has submitted a consistency determination for the operation of its high-intensity,
low-frequency sound system called Surveillance Towed Array Sensor System Low Frequency
Active (“SURTASS LFA”) system.  More commonly known as “LFA,” this system is a
sophisticated military sonar technology designed to actively detect and track submarines at
longer ranges than conventional (higher frequency) active sonar systems. LFA has the potential
to emit sounds at volumes well in excess of those generally considered able to cause significant
adverse physiological effects on marine mammals and other species.  The Navy operated LFA
as a classified system before 1996, at which time, due to growing concerns over military and
other anthropogenic sounds in the marine environment, the Navy agreed to de-classify and
delay further operational use of LFA until completion of an EIS for the program.

To assist the EIS effort, and to increase scientific knowledge of the effects of human-made,
low-frequency sound on marine mammals, the Navy designed a three-phased program to study
a variety of marine mammal behaviors, including:  (1) feeding blue and fin whales off San
Nicolas Island; (2) migrating gray whales off Big Sur; and (3) humpback breeding offshore of
Hawaii. The first two of these phases were conducted offshore of California, and the
Commission concurred with Navy consistency determinations for these phases (CD-95-97 and
CD-153-97).  While the Commission expressed concerns over the effects of the LFA
submarine detection and tracking system itself, the Commission supported this research
because it would lead to an improved understanding of the effects of LFA and other
underwater sound on marine resources.

The source level (SL) of an individual element of the LFA sonar array is approximately 215
decibels (dB2). The research subjected whales to received levels (RL) in the 120-155 (+ 5)
decibel dB range.  The point of the research was neither to document a “worst case” scenario,
nor to subject whales to sounds in excess of 180 dB (the level the Navy is “mitigating” to and
states is the level at which adverse physiological reactions could occur).  Rather, the research
was intended to expand the knowledge base and clarify thresholds where LFA sounds begin to
cause behavioral reactions.  Two of the three research phases (Phases II and III) documented
the clearest examples of behavioral reactions.  The Phase III Hawaii research on humpback
whales documented modifications in humpback whale singing during LFA transmissions. 10 of
17 humpback whales stopping singing during playback with a source level (SL) of 155 to 205
dB (received levels (RLs) of 120 to 150 dB).  The Phase II Big Sur gray whale research
documented deflections in migration patterns by gray whales in order to avoid received levels
of 140 dB, but only when the source was inshore of the whales.  When the source was located

                                                
2 Note: All decibel references in this report will be based on the water standard (re: 1 micropascal
(µPa)).  All source level (SL) dB units are referenced to 1 micropascal @ 1 meter.  All received level
(RL) units are expressed as dB units re 1 uPa root mean squared (rms).  (See page 13 for a further
explanation of underwater sound principles.)
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on the offshore side of the migratory path, there was little evidence of any  course deflection,
even though the whales were exposed to received levels that would almost certainly have
elicited an avoidance reaction had the source been placed in the inshore location.

The Navy believes the LFA research elicited minor, short-term behavioral responses, but no
prolonged disruption of biologically important behavior.   The Navy maintains (see Exhibit 6)
that according to the best available scientific consensus, a 180 dB threshold for potential harm
represents the applicable threshold standard for LFA and constitutes the Navy’s avoidance
goal.  To meet this standard, the Navy has committed to operational and geographic
restrictions.  The operational restrictions consist of monitoring during sonar operations to
prevent injury to marine mammals (and possibly sea turtles) by ensuring, to the extent possible,
that they are not within the 180-dB mitigation zone during LFA transmissions.  Generally, this
means avoiding + 180 dB within a radius of 1 kilometer (km) from the source (at full power).
The monitoring will be accomplished through a relatively sophisticated three-part monitoring
program, using visual, passive acoustic, and active acoustic monitoring. (The Navy has also
committed to long term monitoring, as described on page 21.)

The Navy will also assure that the sound field does not exceed: (1) 180 dB within 22 km (12
nm) of any coastline (including islands); and (2) 145 dB in the vicinity of known recreational
and commercial dive sites.

In reviewing the LFA research phases, ATOC, and other acoustic projects, the Commission
noted growing evidence from the past decade that man-made sounds can disturb marine
mammals, including whale strandings this year in the Bahamas.  Low-frequency sound was not
involved in the military exercises occurring at the time of the Bahamas whale strandings, and it
may well have been mid-frequency (rather than low-frequency) NATO LFA sound leading to
1996 whale strandings in the Mediterranean.  Nevertheless, both these events reinforce how
little is known about marine mammals and noise.  The sounds that may have caused the
Bahamas strandings were not expected to lead to severe adverse marine mammal reactions, and
it may have been a complex synergistic effect of a combination of different sounds that caused
the reaction.  Either way, serious re-evaluation of current assumptions on the effects of military
sonar technology may be warranted.

Marine mammals rely on sound for communication, orientation, and detection of predators and
prey. LFA (and ATOC) research efforts documented behavioral responses including silencing,
disruption of activity, and movement away from the source.  Sound carries so well underwater
that animals can be affected at great distances from a loud acoustic source (and low-frequency
sources carrying the greatest distances). Because so little is known, NMFS, the Commission,
and other regulatory agencies charged with protecting marine resources have been extremely
challenged in their efforts to establish regulatory thresholds and policy in the absence of
reliable data. To date, and clearly with difficulty, the Commission has, for want of a more
reliable standard, accepted 180 dB (RL) as “a reasonable estimate for the level at which
potential physiological injury could occur for marine animals.” (e.g., USGS Seismic Surveys,
NMFS Pulsed Power Experiment, and the Minerals Management Service’s High Energy
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Seismic Survey (HESS) efforts.) Even more challenging, given the long-term scope of the
proposed LFA project, and given the fact that behavioral changes can be documented at RLs
well below 180 dB, is determining which types of behavioral responses are benign, and which
pose adverse population or biological consequences. Both the geographic and temporal scope
of LFA use far exceed any of the more limited acoustic activities previously authorized by the
Commission.  On the other hand, the Navy describes legitimate defense mission needs and has
sincerely and objectively attempted both to: (1) answer some of the thorny issues raised; and
(2) incorporate measures to protect marine resources.  Despite the challenges and limited
research available, the Commission needs to weigh the competing military and resource
protection needs and arrive at a scientifically justifiable conclusion.

As of the date of this writing, the Navy has not responded to the Commission staff’s Oct. 26,
1999, comments on the Draft EIS for this program.  Therefore, based on the information needs
discussed on pages 23-25 and 29 of this report, at this time the Commission lacks adequate
information to determine the consistency of the project with the marine resource protection
(Section 30230) and the recreation (diving) (Sections 30213 and 30220) policies of the Coastal
Act.  The Commission is able to find the project consistent with the commercial and
recreational fishing policies (Sections 30234 and 30234.5) of the Coastal Act.

STAFF SUMMARY AND RECOMMENDATION

I.  Project Description.  The Navy has submitted a consistency determination for the
employment of its Surveillance Towed Array Sensor System Low Frequency Active
(SURTASS LFA) sonar system for use in offshore California waters. LFA is a military system
designed for active detection and tracking of submarines at longer ranges than conventional
(higher frequency) active sonar systems. LFA sonar enables the Navy to have an improved
capability to detect quieter and harder-to-find foreign submarines at long range, provide U.S.
forces with adequate time to react to, and defend against, potential submarine threats while
remaining a safe distance beyond a submarine’s effective weapons range.  The LFA system
uses a vertical line array of sound projectors to broadcast specially designed low-frequency
(100-500 Hertz (Hz)) sonar pulses at high power levels, and a towed horizontal line array of
hydrophones to receive echoes of the pulses from distant targets (Exhibit 1). The Navy defines
the word "employment" of the system as used in this document to include the use of LFA sonar
during routine training and testing activities, as well as the use of the system during ordinary
military operations, but excluding use of the system in armed conflict or direct combat support
operations, and “… during periods of heightened threat conditions, as determined by the
National Command Authorities.”  The Navy further describes the system as follows:

SURTASS LFA Sonar Technology

SURTASS LFA sonar is a long-range, low frequency (between 100 and 500 Hz), all-weather
sonar system composed of both active and passive components.
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The active component of the SURTASS LFA system, LFA, is an augmentation to the passive
detection system, to be used when passive system performance is inadequate. LFA is a set of
acoustic transmitting source elements suspended by cable from underneath a ship. These
elements, called projectors, are devices that produce the active sound pulse, or "ping." The
projectors transform electrical energy to mechanical energy that set up vibrations or pressure
disturbances within the water to produce a "ping." The characteristics and operating features
of the active components (LFA) are:

• The source is a vertical line array (VLA) of up to 18 sound projectors suspended below
the vessel. LFA’s transmitted beam is omnidirectional (360 degrees) in the horizontal
(nominal depth of the center of the array is 122 m [400 ft]), with a narrow vertical
beamwidth that can be steered above or below the horizontal.

• The source frequency is between 100 and 500 Hz (the LFA system’s physical design
does not allow for transmissions below 100 Hz). A variety of signal types can be used,
including continuous wave (CW) and frequency-modulated (FM) signals. Signal
bandwidth is approximately 30 Hz.

• The source level (SL) of an individual element of the SURTASS LFA sonar array is
approximately 215 decibels (dB) (referenced to 1 micro Pascal [µPa] at 1 meter). The
sound field of the array can never be higher than the SL of an individual source
projector.

• The typical LFA signal is not a constant tone, but rather a transmission of various
waveforms that vary in frequency and duration. A complete sequence of sound
transmissions is referred to as a “ping” and lasts between 6 and 100 seconds, although
the duration of each continuous frequency sound transmission is never longer than 10
seconds.

• Average duty cycle (ratio of sound “on” time to total time) is less than 20 percent (20
percent is the maximum physical limit of the LFA system). The typical duty cycle is
between 10 and 20 percent.

• The time between transmissions is typically from 6 to 15 minutes.

The passive, or listening, component of the system is SURTASS. SURTASS detects returning
echoes from submerged objects, such as threat submarines, through the use of hydrophones.
These devices transform mechanical energy (received acoustic sound wave) to an electrical
signal that can be analyzed by the processing system of the sonar. The SURTASS hydrophones
are mounted on a receive array that is towed behind the ship. The SURTASS LFA sonar ship
must maintain a minimum speed of 5.6 kilometers per hour (3 knots) through the water in
order to tow the hydrophone array. The return signals, which are usually below background or
ambient noise level, are then processed and evaluated to identify and classify potential
underwater threats.
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Currently, only one Navy ship is capable of LFA deployment.  Ultimately (by 2004), the Navy
plans to have four ships operational, with a maximum of two in Pacific Ocean waters.  A
typical ship deployment schedule (Exhibit 8) would involve 270 days at sea, with 30-day
missions, within which two 9-day active transmission periods would occur (with a maximum
of 4 hours/day of active transmissions).  A 9-day mission would entail 36 hours of active
transmissions, so the 30-day mission would involve 72 hours of active transmissions.  The
yearly total (per ship) would be 432 hours of active transmissions.

The primary alternatives considered by the Navy in the Draft OEIS/EIS included the Restricted
Operation Alternative (the proposed action), the Unrestricted Operation Alternative, and the
No Action Alternative. For the reasons explained below, the Navy determined that the
Restricted Operation Alternative (Alternative 1) was the preferred alternative; the Navy states:

Alternative 1 (Restricted Operation, the Navy’s Preferred Alternative)

Alternative 1, the Navy's preferred alternative, best meets the program’s purpose and need,
while minimizing potential environmental effects as compared with unrestricted operations.
This alternative would include geographic restrictions and monitoring to prevent injury to
potentially affected species while satisfying the stated purpose of the proposed action to meet
U.S. need for improved capability to detect quieter and harder-to-find foreign submarines at
long range.

The operational restrictions and monitoring programs are described on pages 20-21 of this
report.

Alternatives that the Navy rejected include:

(1) Unrestricted Operation, which the Navy rejected due to its potential adverse effects to
marine animals and human divers, its inconsistency with other regulations, such as the
Marine Mammal Protection Act (MMPA) and Endangered Species Act (ESA), and its
inconsistency with the Chief of Naval Operations' commitment to the protection of the
environment and good stewardship of the sea; and

(2) No Action, which the Navy rejected because it would deprive the U.S. Navy of the
capability to detect quieter and harder-to-find foreign submarines at long range. The Navy
also maintains that the No Action alternative would not give the Navy adequate time to
react to, and defend against, potential submarine threats while maintaining a safe distance
from a submarine's effective weapon range, “…and, as such, would potentially produce
increased environmental impacts and would not accomplish the purpose and need of the
proposed action.”

.
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II. Background.

A.  Heard Island.  Arguably the seminal event in the controversy over the use
of low-frequency sound in the ocean was the Heard Island Feasibility Test (HIFT) conducted
in 1992 (dubbed “the shot heard half way round the world”), during which a sound level of 221
dB and a frequency of 57 Hz was transmitted through the deep sound (SOFAR3) channel to
receivers over distances of up to 17,000 km.  This experiment demonstrated the tremendous
potential for transmitting sound at transoceanic distances and served as a prototype for regular
observations of the speed of sound in the ocean for measuring the rate of ocean warming due to
global climate change (e.g., ATOC).

B.  National Research Council (NRC) Review.  As a result of issues raised by
HIFT, the Office of Naval Research (ONR) requested in 1992 that the National Research
Council (NRC) examine the state of knowledge of the effects of low-frequency sounds on
marine mammals and assess the trade-offs between the benefits of underwater sound as a
research tool and the possible harmful effects on marine mammal populations of introducing
additional low-frequency sound into the ocean.  In 1994 the NRC issued a report, Low
Frequency Sound and Marine Mammals:  Current Knowledge and Research Needs, which
concluded that:  (1) very little is known about the effects of low-frequency sound on marine
mammals; and (2) it is difficult to establish regulatory policy in the absence of data regarding
such effects. The report included a series of recommendations about the kinds of research
needed to fill the knowledge gaps.

C.  Acoustic Thermometry of Ocean Climate (ATOC).  As a follow-up to
HIFT, Scripps Institution of Oceanography (Scripps) developed the ATOC program to make
regular measurements of the travel times of low-frequency sound throughout the Pacific
Ocean, using sound up to 195 dB and a frequency of 75 Hz, transmitted from a source located
at Pioneer Seamount, 48 nm (nautical miles) offshore of Half Moon Bay.  As a result of
concerns about the effects of ATOC low-frequency sound, Scripps agreed to conduct the first
several years of transmissions through a Marine Mammal Research Program (MMRP).   In
June 1995 the Commission concurred with Scripps’ consistency certification (and permit) for
this program (CC-110-94 & CDP 3-95-40).  The California portion of the program is complete
(Hawaii’s is still underway).  A brief assessment of the MMRP results can be found in NRC
2000 cited below. (See also Exhibit 9, first page)

D.  NATO LFA/Whale Strandings. In May 1996 12 Cuvier’s beaked whales
were involved in a mass stranding over a 38 km stretch of coastline during NATO LFA
exercises in the Mediterranean Sea, off the west coast of Greece.  A March 5, 1998, Nature
article by Alexandros Frantzis, entitled “Does acoustic testing strand whales,” concluded that
“… the probability of a mass stranding occurring for other reasons during the period of the
LFAS tests is less than 0.07%” and that “Although pure coincidence cannot be excluded, it
seems improbable that the two events were independent.”  This article stimulated NATO to

                                                
3 SOFAR is an acronym for Sound Fixing and Ranging.
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convene a Bioacoustics panel (SACLANTCEN) to study the event and review the data; the
panel published a Summary Record in June 1998.  Unlike current Navy LFA sonar, the NATO
LFA sonar used both low- and mid-frequency transmissions (one at 450-700 Hz (low-
frequency) and one at 2.8-3.3 kilohertz (kHz) (mid-frequency)), at source levels of just under
230 dB.  This combined signal lasted four seconds and was repeated once every minute. The
NATO panel’s analysis:  (1) suggested close timing between the onset of sonar transmissions
and the first strandings; (2) was unable to determine the received levels experienced by the
stranded whales; (3) noted that received levels as high as 150-160 dB were estimated to occur
at ranges of 50 km; and (4) stated that sperm whales were heard within 10-25 km of the sound
source, but demonstrated no obvious changes in their clicking patterns before, during, and after
sonar transmissions.  In the end, though, because autopsies did not provide ear tissue samples,
the NATO panel had difficulty coming to definitive conclusions linking LFA to the strandings,
although it did rule out natural physical environmental factors.  Thus, the NATO panel
summary concluded:

An acoustic link can neither be clearly established nor eliminated as a direct or
indirect cause for the May 1996 strandings.

Behavioral responses to acoustic transmission must be taken into consideration as a
possible cause for strandings; therefore, acoustic characteristics that induce behavioural
changes or physical damage to marine animals should be determined.

The effects of sound on marine animals vary according to species; therefore, additional
research is needed to determine hearing characteristics and behaviour of the entire range of
marine species.

The panel further recommended as follows:

With regard to high intensity acoustic sources, there was a strong recommendation
from the panel that appropriate environmental assessment procedures be implemented as soon
as possible with a view to recommending suitable mitigation and monitoring protocols.

The panel also noted that the lack of adequate anatomical data on the stranded
animals, particularly auditory and other tissue analyses, was a serious obstacle.  …[T]he
panel recommended that proper specimen collection be supported to ensure complete necropsy
in the future.

Other attempts have been made to correlate whale strandings and military operations in the
Mediterranean. Simmons and Lopez-Guard (1991) reported on four mass strandings between
1985-1989 of Cuvier’s beaked whale (Ziphius cavirostris) on the coast of Fuerteventura in the
Canary Islands that may have been related to naval maneuvers. At the same time, NATO
sonars have been tested in the Mediterranean Sea on many occasions without strandings.  Upon
reviewing the data the NRC concludes that:
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Both Simmonds and Lopez-Jurado (1991) and Frantzis (1998) started with rare
strandings and then looked for some other rare event that might correlate, but neither
paper makes a strong case for having performed a thorough systematic survey of when
naval or sonar exercises might have occurred in these areas in the absence of
strandings.  There is a clear need for studies designed to test this association more
systematically.

E.  U.S. Navy. The NATO panel reviewing the 1996 Mediterranean strandings
acknowledged that the U.S. Navy has been a leader in advancing the state of knowledge of
underwater acoustics, and that among the passive acoustic monitoring systems that have been
developed:

… Perhaps the most impressive project was the employment of the Navy’s deep water
submarine monitoring system (SOSUS) to listen to the vocal activity of whales over
millions of square miles of the world’s oceans to reveal an unprecedented picture of the
global movements of these far-ranging animals.  These data, along with distribution and
abundance data from a variety of sources, are being incorporated into a Global
Information System (GIS) type mapping technology to enable Navy planners to avoid
areas of high marine mammal density (“hotspots”) and to predict possible effects of an
activity at whatever spatial scale is appropriate.

During more or less the same time period as ATOC review and the Mediterranean controversy,
the U.S. Navy acknowledged the existence of its own past and ongoing LFA sonar programs.
For example, after protecting classified portions the Navy released after-the-fact
documentation of several past Navy LFA operations offshore of California, including:  (1)
Magellan II, Aug. 1994, location classified; (2) LFA-14, Northern, Sept. 26, 1995, to October
9, 1995, west of S.F. Bay, extending north along the Mendocino coast; (3) LFA-14, Southern,
Sept. 26, 1995, to Oct. 9, 1995, south of the Channel Islands, extending south along the Baja
California coast; and (4)  LFA-15, Feb. 1996-Mar. 1996, south of the Channel Islands,
extending south along the Baja California coast (source – partially declassified Navy
Environmental Assessments (EAs).  [Note:  pre-1994 LFA exercises were not documented]

Due to evolving concerns over Navy LFA, in July 1996 the Navy agreed to prepare an EIS and
delay further use of LFA until its completion. To assist this effort, the Navy designed a three-
phased program to study LFA effects on a variety of marine mammal behaviors, including:  (1)
feeding blue and fin whales off San Nicolas Island; (2) migrating gray whales off Big Sur; and
(3) humpback breeding offshore of Hawaii.  The first two of the phases were offshore of
California, and in 1997 the Commission concurred with consistency determinations for those
research efforts.

F.  The Bahamas Whale Strandings.  In a more recent and dramatic incident
implicating mid-frequency military sound and whale strandings (as opposed to low-frequency
sound used for Navy LFA sonar), on March 15-16, 2000, 16 whales of four different species
beached themselves in the Bahamas off the east coast of the U.S. during the time the Navy was
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conducing Littoral Warfare Advanced Development (LWAD) Sea Tests.  Seven whales died,
including four Cuvier’s beaked whales, a Blainville’s dense beaked whale, and a spotted
dolphin.  This time, necropsies were performed; the National Marine Fisheries Service
(NMFS) reported that:

The injuries to the six beaked whale heads were all consistent with an intense acoustic
or pressure event.  All six whales were examined by gross dissection and two of the heads were
examined by computerized topography (CT) scan.  All six beaked whales had some evidence of
trauma to tissue associated with hearings, sound production, and/or airways.  In particular, all
had some hemorrhages in or around the ears.  Other issues related to sound conduction or
production such as the larynx and auditory fats had minor to severe hemorrhages.  One animal
also had evidence of a hemorrhage in the fluid space around the brain.  In humans, injuries
such as these would have caused extreme discomfort but do not generally cause permanent
hearing loss or death.

These animals died from being stranded.  We do not know what caused the animals to
strand, but we think it is possible that the animals suffered vestibular effects (disequilibrium
and disorientation) from an acoustic or pressure event.  We base this suspicion upon the
unique physiology of beaked whales about which little is known to date within the scientific
community, and the fact that two species of beaked whales predominated the stranding event.

The injuries revealed in the necropsies were not consistent with a nearby explosion
(there were no bone fractures), but could have been caused by a distant explosion, or an
intense acoustic event.  Postcranial tissues showed minor lesions in heart muscle and minor
hemorrhage in lung and kidney issue that are less indicative of cause than the cranial results.

A NOAA acoustic array located 60 miles south of the stranding site did not indicate any
explosions.  However, the sampling rate of that array was not sufficient for detecting
explosions.

NOAA Fisheries is unable at this time to link the biological damage to a specific source
of acoustic energy or pressure.  However, the coincident transit of the Northeast and
Northwest Providence Channels by Navy ships using tactical sonars, and the fact that the two
species of beaked whales predominated the strandings, suggest a priority need to examine
whether injuries of this nature could be caused by exposure, over time, to a combination of
Navy tactical sonars.  The Navy has agreed to investigate this issue with us on a priority basis.

The two agencies are openly cooperating in this investigation.  The Navy is preparing a
model of the acoustic field produced by these tactical sonars.  Examination of all models will
be the subject of the next joint NOAA Fisheries/Navy workshop in mid-July.  However, since
microscopic examination of the inner ear of whales takes at least nine months, a final report of
this investigation will not be available until early in 2001.
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A Washington Post reporting of the incident noted:

The findings [on the Bahamas strandings] are the first ever to link either distant noise or a
faraway explosion with a whale stranding, said Darlene Ketten, an auditory specialist at the
Woods Hole Oceanographic Institution who helped conduct necropsies on six of the whales for
NOAA.  She called the conclusions "a red flag" and "a reason for concern."

On July 19, 2000, the U.S. House of Representatives Committee on Resources sent a letter to
the Secretary of Defense, stating that the Mediterranean and Bahamas events “… warrant a
more precautionary approach to the use of LFA sonar and further scientific investigation to
determine its effect on marine species.”  The Committee stated:

…we urgently request that … [ the Navy] withdraw the DEIS and reassess your assumptions
that LFA sonar poses no threat to the marine environment.  We also request that you postpone
proceeding with NMFS to obtain a Letter of Authorization for incidental take under the Marine
Mammal Protection Act to operate LFA sonar worldwide until such time that NMFS can
properly establish scientifically based noise standards for marine animals.

The Navy responded to the Committee in a letter dated August 24, 2000, stating that:

We believe that the SURTASS LFA DOEIS/EIS process continues to be a fair and
comprehensive evaluation of the potential for environmental impacts from deployment of this
critical national security system, and that its proposed employment will produce no more than
minimal risk to the marine environment.

The Navy also noted that the sonar in use in the Bahamas in March 2000 was in the mid- (not
low-) frequency range, on the order of 3-5 kHz, and the Navy contends: “These sonar systems
have been in use … for more than 20 years, including narrow passages and open ocean areas,
without known ill effects on marine mammals.”  The Committee’s letter and the Navy’s
response are attached as Exhibits 11 & 12.

G.  NRC Follow-up Review.  In a follow-up report to its 1994 report, in 2000
the NRC published “Marine Mammals and Low-Frequency Sound:  Progress Since 1994,”
which included an independent discussion of both ATOC and Navy LFA research programs,
and which made several recommendations addressing future research needs that are
particularly relevant to Navy operations and facilities, including the following:

1.  NMFS, the Navy, and other agencies with responsibilities for marine mammals or
that conduct or permit activities that introduce significant levels of sound to the ocean should
evaluate the costs and benefits of an array of acoustic receivers designed to monitor both
human-generated sound in the ocean and the vocalizations of whales in acoustic hotspots
(NRDC, 1999).  One possibility is to use existing arrays such as the IUSS (JOI, 1994; Clark,
1995; Gisiner, 1998) developed by the U.S. Navy to detect submarines.   … Whales could be
located and tracked in real time and in three-dimensional space, thus identifying natural paths
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and avoidance paths.  This capability was demonstrated in the Whales ’93 program in which
the IUSS was used to routinely detect, locate, and track blue, finback, and humpback whales in
the North Atlantic Ocean (JOI, 1994).  Hundreds of thousands of whale vocalizations were
documented, allowing the description of seasonal movements of the whales. … [Emphasis
added.]

2.  The concept of Stranded Whale Auditory Test (SWAT) teams recommended in NRC
(1994) and NRDC (1999) should be implemented by funding trained scientists and associating
them with stranding networks.  The Office of Naval Research (ONR) partially funded a small
effort to support the activities of a SWAT team, but the hardware and field methods are not yet
adequate for wide testing.  The ONR program manager (R. Gisiner) estimates that a
considerable, but not unreasonable, amount of hardware and software design and testing will
be needed (about 1-2 years of effort) before a system capable of regular operation under the
SWAT team approach is feasible.  However, this activity should be expanded to at least two
teams, one on the east coast and one on the west coast of the United States.  The teams should
be responsible for (1) necropsy of suspected/possible marine mammal victims of sound injury
(to be able to show whether sound caused the injuries or deaths) and (2) testing of hearing on
stranded or entangled live animals.  There is a need to expand the pool of individuals capable
of doing this kind of work ….  An immediate need is for funding a specialist in evoked potential
audiometry to develop improved methods applicable to large whales …  NMFS and/or ONR
should include funding for such work in the next budget cycle. [Emphasis added.]

3.  Lack of specialized research facilities hinders the priority studies described earlier.
…  Currently, there is only one site in the United States (and perhaps the world) that has the
facilities and animals that could be used in such studies.  This site is operated by the U.S. Navy
in San Diego, California.  … Recommendations:  If the studies described … [in the NRC
report] are of sufficient priority to reduce uncertainties in the regulation of human-generated
sound in the ocean, federal agencies should establish a national facility for the study of marine
mammal hearing and behavior.  The Committee believes that such a facility might be
established at relatively little incremental cost by enhancement of the existing Navy facility.
…The Navy’s Marine Mammal Program facility in San Diego keeps marine mammals and
already has trained animals and expertise in maintaining them.  Its role potentially could be
expanded to provide a more widely accessible national facility, including unclassified
research. …  [Emphasis added.]

(Exhibit 9 contains additional Findings and Recommendations from the Executive Summary of
that report.)

H.  Fundamentals of Under Water Sound.  Decibel measurements state
the ratio between measured pressure value and a reference pressure value.  The scale is
logarithmic, meaning that each 10 dB increase is a ten-fold increase in power (e.g., 20 dB
is a 100-fold increase, 30 dB is a 1,000-fold increase).  Psychologically, humans perceive
a 10 dB increase in noise as a doubling of sound level.  Comparing sound levels in air
against sound levels in water must be done carefully, for two reasons.  First, the reference
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pressure values are different by 26 dB.  Second, and more importantly, due to the
difference in relative impedance of air and water (the stiffness or density of the medium),
a roughly 5,000 times greater power level (35.5 dB) is necessary in air than in water to
produce an equivalent pressure level.  Combining these two factors, a 61.5 dB difference
or correction factor, between the air and water scales is required.  In other words, 61.5 dB
must be subtracted from a sound level in water to produce an equivalent acoustic
intensity in air.

In this report,  dB references are broadband-level values, based on the water reference
standard, standardized at 1 micro Pascal at 1 m (dB re 1uPa at 1 m) for source levels
(SL), and dB re 1 uPa rms (root mean squared) for received levels (RL).

Sound intensity in deep water generally diminishes as the square of the distance from the
source (i.e., 1/r2, with a 6 dB reduction for a doubling in distance), also called “spherical
spreading.  In this equation transmission loss is defined as 20 log R.  In shallow water,
cylindrical spreading can occur (1/r, or a 3 dB reduction for a doubling in distance, or 10
log R).  Because LFA is not a typical single-source and would operate in many different
ocean conditions, its transmission loss calculations are complex (see discussed on page
21).

Finally, the Navy’s EIS states that:

… the source level of an array is much higher than the source level of the given elements
in the array.  This is because the array acts as an antenna, and the source levels of the
individual elements combine to produce a louder sound field.  For example, given that an
array with 18 elements has a source level of 230 dB re 1 µPa at 1 m, the source level of
one element is 230 – 20*log (18) = 204.9 dB re 1 µPa at 1 m.  Therefore, the source level
of each element is over 25 dB less than the integrated source level of the entire array.

III.     Procedures

A.  Applicable Legal Authorities.  Section 307 of the Coastal Zone Management Act
(CZMA) provides in part:

(c)(1)(A)  Each Federal agency activity within or outside the coastal zone that
affects any land or water use or natural resource of the coastal zone shall be carried
out in a manner which is consistent to the maximum extent practicable with the
enforceable policies of approved State management programs.

B.  Practicability.  The federal consistency regulations implementing the CZMA
include the following provision:
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Section 930.32  Consistent to the maximum extent practicable.

(a) The term "consistent to the maximum extent practicable" describes the
requirement for Federal activities including development projects directly
affecting the coastal zone of States with approved management programs to be
fully consistent with such programs unless compliance is prohibited based upon
the requirements of existing law applicable to the Federal agency's operations.  If
a Federal agency asserts that compliance with the management program is
prohibited, it must clearly describe to the State agency the statutory provisions,
legislative history, or other legal authority which limits the Federal agency's
discretion to comply with the provisions of the management program.

The Commission recognizes that the standard for approval of Federal projects is that the
activity must be “consistent to the maximum extent practicable” (Coastal Zone Management
Act Section 307(c)(1)).  This standard allows a federal activity that is not fully consistent with
the CCMP to proceed, if compliance with the CCMP is “prohibited [by] existing Federal law
applicable to the Federal agency's operations” (15 C.F.R. § 930.32).  The Navy has not cited
any "statutory provision, legislative history, or other legal authority which limits [its] ...
discretion to comply with the provisions of the" CCMP (15 C.F.R. § 930.32(a)). Since the
Navy has raised no issue of practicability, as so defined, the standard before the Commission is
full consistency with the policies of the California Coastal Management Program (CCMP).

C. Necessary Information.  Section 930.42(b) of the federal consistency regulations
(15 CFR Section 930.42(b)) requires that, if the Commission's objection is based on a lack of
information, the Commission must identify the information necessary for it to assess the
project's consistency with the CCMP.  That section states that:

If the State agency's disagreement is based upon a finding that the Federal agency has
failed to supply sufficient information (see Section 930.39(a)), the State agency's
response must describe the nature of the information requested and the necessity of
having such information to determine the consistency of the Federal activity with the
management program.

The nature of the information that the Commission has requested, but that the Navy has failed
to provide, is described on pages 23-25 & 29 of these findings. As discussed in the staff note
(page 1) and as described more fully in the findings below, such information is necessary to
enable it to determine whether the proposed project is consistent  with Sections 30230, 30213
and 30220 of the Coastal Act (part of Chapter 3, the substantive component of the CCMP).

D. Measures to Bring the Project into Conformance with the CCMP. Section
930.42(a) of the federal consistency regulations (15 CFR § 930.42(a)) requires that, if the
Commission’s objection is based on a finding that the proposed activity is inconsistent with the
CCMP, the Commission must identify measures, if they exist, that would bring the project into
conformance with the CCMP.  That section states:
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In the event the State agency disagrees with the Federal agency's consistency
determination, the State agency shall accompany its response to the Federal agency with
its reasons for the disagreement and supporting information.  The State agency response
must describe (1) how the proposed activity will be inconsistent with specific elements of
the management program, and (2) alternative measures (if they exist) which, if adopted by
the Federal agency, would allow the activity to proceed in a manner consistent to the
maximum extent practicable with the management program.

As discussed above, the Commission has found that it does not have sufficient information to
find the project consistent with the marine resources (Section 30230) and public recreation
(diving) policies (Sections 30213 and 30220) of the Coastal Act.  Therefore, at this point, it is
premature to discuss feasible alternative measures that may be needed to enable the project to
be conducted in a manner consistent with the CCMP.

E.  Federal Agency Responsibility.  Section C(a)(i) of Chapter 11 of the CCMP
requires federal agencies to inform the Commission of their response to a Commission
objection.  This section provides that:

If the Coastal Commission finds that the Federal activity or development project ... is
not consistent with the management program, and the federal agency disagrees and
decides to go forward with the action, it will be expected to (a) advise the Coastal
Commission in writing that the action is consistent, to the maximum extent practicable,
with the coastal management program, and (b) set forth in detail the reasons for its
decision.  In the event the Coastal Commission seriously disagrees with the Federal
agency's consistency determination, it may request that the Secretary of Commerce
seek to mediate the serious disagreement as provided by Section 307(h) of the CZMA,
or it may seek judicial review of the dispute.

F.  Presidential Exemption.  As amended on November 5, 1990, the CZMA provides
for a presidential exemption where the state finds, and the federal courts agree upon judicial
review, that a Federal agency activity is not consistent to the maximum extent practicable with
the state's coastal management program.  Section 307(c)(1)(B) provides:

After any final judgment, decree, or order of any Federal court that is appealable under
Section 1291 or 1292 of title 28, United States Code, or under any other applicable
provision of Federal law, that a specific Federal agency activity is not in compliance
with subparagraph (A), and certification by the Secretary that mediation under
subsection (h) is not likely to result in such compliance, the President may, upon written
request from the Secretary, exempt from compliance those elements of the Federal
agency activity that are found by the Federal court to be inconsistent with an approved
State program, if the President determines that the activity is in the paramount interest
of the United States.  No such exemption shall be granted on the basis of a lack of
appropriations unless the President has specifically requested such appropriations as
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part of the budgetary process, and the Congress has failed to make available the
requested appropriations.

IV.  Federal Agency's Consistency Determination.  The Navy has determined the project
consistent to the maximum extent practicable with the California Coastal Management
Program.

V.  Staff Recommendation.  The staff recommends that the Commission adopt the following
motion:

MOTION: I move that the Commission agree with consistency determination CD-113-00
that the project described therein is fully consistent, and thus is consistent to
the maximum extent practicable, with the enforceable policies of the
California Coastal Management Program (CCMP).

STAFF RECOMMENDATION:

Staff recommends a NO vote on the motion. Failure of this motion will result in a
disagreement with the determination and adoption of the following resolution and findings.  An
affirmative vote of a majority of the Commissioners present is required to pass the motion.

RESOLUTION TO DISAGREE WITH CONSISTENCY DETERMINATION:

The Commission hereby disagrees with the consistency determination by the Navy, on the
grounds that the consistency determination does not contain sufficient information to determine
the project’s consistency to the maximum extent practicable with the enforceable policies of
the California Coastal Management Program (CCMP).

VI. Findings and Declarations:

The Commission finds and declares as follows:

A.  Marine Resources.

1. Coastal Act Policies.  Section 30230 of the Coastal Act provides:

Marine resources shall be maintained, enhanced, and where feasible, restored.  Special
protection shall be given to areas and species of special biological or economic
significance.  Uses of the marine environment shall be carried out in a manner that will
sustain the biological productivity of coastal waters and that will maintain healthy
populations of all species of marine organisms adequate for long-term commercial,
recreational, scientific, and educational purposes.
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2. Marine Resources in Project Area.  In its ocean-by-ocean list of species
subject to “incidental take” pursuant to the Marine Mammal Protection Act (i.e., a NMFS
harassment permit), the Navy’s Draft EIS lists sensitive species likely to be affected in the
Pacific Ocean. Exhibit 5 lists these species.  Most of these species spend portions of their life
cycle within the coastal zone and are subject to protection under the Coastal Zone Management
Act.4

3. Navy LFA Research Results.  As mentioned on page 10, the Navy
performed research on feeding, migrating, and breeding whales to look at behavioral responses
to LFA sounds in the 120 to 155+5 dB range.  The Navy states:

In order to minimize the chance of harassment to experimental animals, the LFS SRP [Low
Frequency Sound, Scientific Research Program]  restricted exposures to a maximum RL of
160+5 dB.

During the first phase of LFS SRP research, the source ship operated routinely with the full
source array at power levels similar to those that would be used in normal Navy operations.
The ship also approached whales while operating two of the source levels.  There was no
pronounced disruption of feeding behavior from whales exposed to RLs from 110 to 153 dB.

In the second phase of LFS SRP research, migrating gray whales showed responses similar to
those observed in earlier research (Malme et al., 1983; 1984) when the source was moored in
the migration corridor ... The study extended those results with confirmation that a louder SL
elicited a larger scale avoidance response.  However, when the source was placed offshore …
of the migration corridor, the avoidance response was not evident on the track plots.  The
inshore avoidance model – is not valid for whales in proximity to an offshore source.  Rather,
these data suggest that avoidance of an offshore source (> 4 km [2.2 nm]) would be minor,
even at considerably higher RLs of sound from SURTASS LFA sonar.

The third phase of LFS SRP research examined potential effects of SURTASS LFA sonar
transmissions on singing humpback whales.  These whales showed some apparent avoidance
responses and cessation of song occurring at RLs ranging from 120 to 150 dB.  However, an
equal number of singing whales exposed to the same levels showed no cessation of song.
Further analysis is required to establish how often male humpbacks stop singing in the
absence of the SURTASS LFA sonar transmissions and to evaluate the significance of the song

                                                

4 In granting the Commission permission to review ATOC (see page 7), the Office of Ocean and Coastal
Resource Management (OCRM) stated:  (1) “OCRM has determined that the marine animals at issue that
ply the waters of the coastal zone and the OCS are coastal resources.  The CZMA and its legislative history
indicate that the effects test is to be construed broadly”; and (2)  “…an activity that affects or is reasonably
likely to affect these coastal resources that migrate through or use California waters, whether they may be
affected while in or outside the coastal zone, is subject to federal consistency in accordance with the
CZMA and 15 CFR Part 930.”
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cessation observed during playbacks.  Of the whales that did stop singing, there was little
response to subsequent pings.  Most joined with other whales or resumed singing within less
than an hour of the possible response.

This kind of brief interruption, followed by resumption of normal interactions, is similar to that
seen when whales interrupt one another or when small vessels approach whales.  If whales are
in a breeding habitat where vessel interactions are frequent, then the aggregate impact of all
disruptive stimuli could become significant.  However, because the SURTASS LFA sonar
system would be operated well offshore of these humpback breeding areas, it is likely that the
cumulative impact of numerous inshore vessels would be significantly greater on these animals
than that caused by an occasional offshore series of SURTASS LFA sonar transmissions.

The Navy concludes:

Taken together, the three phases of the LFS SRP do not support the predictions that most
animals exposed to RLs near 140 dB would exhibit disruption of behavior and avoid the area.
These experiments, which exposed animals to RLs ranging from 120 to 150 dB, elicited only
minor, short-term behavioral responses, but not prolonged disruption of biologically important
behavior.

4. Navy Analysis.  Given these research results, and “based on independent
research by prominent experts and the consensus from several scientific and technical
workshops,” Navy considers a 180-dB received level to be “… a scientifically reasonable
estimate for the onset of potential injury to marine animals.”  To support this conclusion, in the
Draft EIS the Navy developed a “risk continuum” (Exhibit 6) for the determination of the
potential for prolonged disturbance of a biologically important behavior.  The risk continuum
ranges from a risk approaching zero at 119 dB, to a 95 percent probability of a prolonged
disturbance of a biologically important behavior at 180 dB, with a graduated function in
between. The Navy’s EIS estimates that that below 120 dB the risk of harassment to marine
mammals is zero, and at 180 dB, that 95% of marine mammals “could incur non-injurious
harassment.” The EIS further states that:

In all three phases of the LFS SRP, animals that were exposed to SURTASS LFA sonar signals
at RLs up to 155 dB showed no behavioral response that was judged harmful or biologically
significant.  Those animals that did respond were found to resume normal behavior patterns
within tens of minutes.

The EIS articulates a standard for safe deployment of the system to be “… that there be
negligible population consequences from any non-injurious harassment caused by SURTASS
LFA sonar operations.”  Based on this standard the EIS states:
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 The results of the OEIS/EIS analysis are consistent with this standard, given that proposed
mitigation and monitoring are implemented … and:  1) a low number of systems are deployed;
2) the host ship is moving during operations; 3) the duty cycle is low; and 4) aggregate mission
activity in any one region and season is modest.

Exhibit 6 taken from the EIS elaborates further on the Navy’s justification for a non-injurious
response at RLs below 180 dB, and the following summary in the Navy’s consistency
determination elaborates on its “negligible population consequences” conclusion:

The potential impact on any stock of marine mammals from injury (within the LFA
mitigation zone) due to the proposed action is negligible, and the effect on the stock of
any marine mammal from prolonged disturbance of a biologically important behavior is
minimal. Biologically important behaviors are those activities essential to the continued
existence of a species, such as feeding, migrating, breeding and calving. The DOEIS/EIS
calculates the percentage of each stock of marine mammals at risk of injury or prolonged
disturbance of a biologically important behavior. These percentages took into
consideration geographic restrictions and monitoring mitigation (Alternative 1,
Restricted Operation, the Navy’s Preferred Alternative) that would reduce the potential
for effects on any stocks from injury to negligible levels. The numbers of animals
potentially affected through prolonged disturbance of a biologically important behavior
would be so small as to have negligible impacts on the affected species’ stocks and upon
the availability of the species for subsistence needs. The analytical methodology and
results are presented in Chapter 4 of the DOEIS/EIS, and incorporated herein by
reference.

To protect marine resources, the Navy has incorporated into the program:   (1) operational
and geographic restrictions; (2) short term, or project-related monitoring to assure the
restrictions are complied with; and (3) long term monitoring to continue to study the effects
of anthropogenic sounds on the marine environment.  These measures are described further
below.

a.  Operational and Geographic Restrictions.  The operational
restrictions consist of monitoring during sonar operations to prevent injury to marine mammals
(and possibly sea turtles) by ensuring, to the maximum extent possible, that they are not within
the LFA mitigation zone (i.e., the 180-dB sonar sound field) during LFA transmissions.  The
Navy states this generally means avoiding exposing marine animals within a radius of 1 km
from the source (at full power).  The Navy will also employ geographic restrictions, (regardless
of the presence of sensitive species), which consist of assuring that the sound field does not
exceed: (1) 180 dB within 22 km (12 nm) of any coastline (including islands); and (2) 145 dB
in the vicinity of known recreational and commercial dive sites. (The Navy has also agreed to
avoid geographically-defined offshore “biologically important areas” (Exhibit 3); however
none of these are offshore of California.)
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The Navy further defines the 180 dB “Mitigation Zone” as follows:

The LFA mitigation zone covers an area ensonified to a level > 180 dB by the SURTASS LFA
sonar transmit array. Under normal operating conditions, the range of this 180-dB sound field
will vary between the nominal ranges of 0.75 to 1.0 km (0.40 to 0.54 nm) from the source array
over a depth of approximately 122 ± 35 m (400 ± 115 ft). (The center of the array is at a
nominal depth of 122 m [400 ft]). Under rare conditions (e.g., strong acoustic duct) this range
could be somewhat greater than 1 km (0.54 nm). Knowledge of local environmental conditions
(such as sound speed profiles [depth vs. temperature] and sea state) that affect sound
propagation is critical to the successful operation of the SURTASS LFA sonar and is
monitored on a near-real-time basis. Therefore, the SURTASS LFA sonar operators would
have foreknowledge of such anomalous acoustic conditions and would mitigate to the 180-dB
range even when this was beyond 1 km (0.54 nm).

b.  Short-term Monitoring.  The marine mammal restrictions will be
accomplished through a relatively sophisticated three-part monitoring program, using visual,
passive acoustic, and active acoustic monitoring, as follows:

• Visual monitoring for marine mammals and sea turtles from the SURTASS LFA sonar
vessel during daylight hours;

• Use of the passive (low frequency) SURTASS array to listen for sounds generated by
marine mammals as an indicator of their presence; and

• Use of high frequency (HF) active sonar to detect/locate/track potentially affected
marine mammals (and possibly sea turtles) near the SURTASS LFA sonar vessel and
the sound field produced by the SURTASS LFA sonar source array.

c.  Long-term Monitoring.  The Navy states “…it would be prudent
to continue monitoring of potential effects of SURTASS LFA sonar on marine mammals.”
Consequently, the Navy intends to conduct Long Term Monitoring (LTM) concurrently with
the operation of LFA sonar, as follows:

The principal objectives of the LTM Program for the proposed SURTASS LFA sonar
employment are:

• Conduct Navy and independent scientific analyses of the effectiveness of proposed
mitigation measures, and make recommendations for improvements where
applicable, to incorporate them as early as possible, with National Marine
Fisheries Service (NMFS) concurrence;

• Provide the necessary input data for reports to NMFS (under the Marine Mammal
Protection Act as discussed below) on assessment of whether any taking of marine
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mammal(s) occurred within the LFA mitigation zone (180-dB sound field) during
SURTASS LFA sonar operations;

• Study the potential effects of Navy SURTASS LFA sonar-generated underwater
sound on long-term ecological processes relative to LF sound-sensitive marine
mammals and sea turtles, focusing on the application of Navy technology for the
detection, classification, localization, and tracking of these animals;

• Collaborate, as feasible, with pertinent Navy, academic, and industry
laboratories and research organizations, and where applicable, with Allied navy
and academic laboratories; and

• Provide for incident monitoring to include: (1) recreational or commercial diver
incident monitoring, and (2) marine mammal stranding incident monitoring. The
Navy would maintain close coordination with the principal clearinghouses for
information on diver-related incidents, namely the National Association of
Underwater Instructors (NAUI), Professional Association of Diving Instructors
(PADI) and Divers Alert Network (DAN). For recreational dive sites, the Navy
will notify DAN and other diving organizations concerning SURTASS LFA sonar
operations on a case-by-case basis. In addition, when the Navy files a Notice to
Mariners for major naval exercises, it would include the notification of any
SURTASS LFA sonar participation. The Navy would also coordinate with the
principal worldwide marine mammal stranding networks, including federal and
state, and international organizations.

The Navy concludes:

The Navy has determined that with geographic restrictions and monitoring mitigation the
proposed SURTASS LFA sonar employment would be carried out in a manner that would
sustain and protect the biological productivity of coastal waters. As such, the Navy has
determined that the proposed action is consistent with Sections 30230 and 30231 of the
California Coastal Act.

5.  NRDC Concerns.  Just as the Navy has been a leader in pursuing research
on the effects of sounds in the marine environment, the Natural Resources Defense Council
(NRDC) has been instrumental in bringing the issues raised to the attention of the general
public and raising concerns about the increasing degree of ambient noise in the ocean caused
by human activity5.  The NRDC’s comments on the DEIS describe a number of deficiencies in
the Navy’s analysis and conclusions.  The most relevant of these are attached as Exhibit 10
(NRDC letter to Navy, pp. 8-13).  NRDC believes the Navy:  (1) makes unwarranted

                                                
5 Sounding the Depths:  Supertankers, Sonar, and the Rise of Undersea Noise, Natural Resources
Defense Council, 1999.
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extrapolations from extremely limited data; (2) ignores relevant data not supporting the Navy’s
conclusions; (3) disregards biological concerns, (4) ignores the Navy’s own cautions about
extrapolating 120-150 dB data to higher received levels; and (5) ignores a recent (Aug. 1999)
study by Kastak and Schusterman et al.,6 which found temporary threshold shifts at 60-75 dB
above lowest haring threshold in 3 pinniped species, and which NRDC maintains contradicts
studies on bottlenose dolphins relied on by the Navy as the primary basis for its 180 dB
criterion.  The Navy has not yet responded to NRDC’s comments, as of the date of this writing.

6. Commission Conclusion:  Marine Resources.  In commenting on the
Navy’s DEIS, the Commission staff stated (Exhibit 7):

Whereas the Navy’s preliminary research better clarified marine mammal response to LFA
signals in the range of 120-160 dB RL (Received Level) range, the EIS extrapolated from this
range to a conclusion that any RL of <180 dB is acceptable.  This is simply not justified by the
available evidence.

We recommend a return to the Navy’s previous approach adopted prior to publication of the
EIS and one we supported in our review and concurrence with the Navy’s Phase I and II LFA
research.  That approach is to perform additional scientific studies that establish (rather than
extrapolate and speculate) safe levels of use, and only then to proceed to operate at the higher
noise levels. We believe the Navy should conduct further studies of effects on marine resources,
or at least perform additional studies concurrently with LFA operation, attempting to
document impacts at these higher noise levels.  The Navy also needs to collect, maintain and
publish monitoring results for the life of the program. Given the steady increases in
anthropogenic sound in the marine environment, and the difficulty in truly understanding the
effects of underwater sound on marine mammals, there will continue to be unresolved
questions about the wisdom and safety of the use of active sonar technology.  The use of loud
low frequency active sonar equipment, whether it is being used for commercial, scientific or
military purposes, needs to be accompanied by significant studies of the effects of these types
of anthropogenic noises in order for policymakers to approve and the public to accept their
use.

The Commission staff also: (1) questioned the Navy’s conclusions concerning the effectiveness
of its active monitoring technology; (2) questioned the Navy’s assumptions and extrapolations
of LFA research to the 180 dB level; (3) questioned assumptions from the Navy’s diver
studies; (4) raised cumulative impact concerns; and (5) asked several questions about the
Navy’s monitoring.  The Commission staff concluded:

                                                
6 Kastak and Schusterman et al., “Underwater temporary threshold shift induced by octave-
band noise in three species of pinniped,” 106 J. Acoust. Soc. Am. 1142-48.
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In light of the above discussion and information needs, we finally question the confidence with
which the Navy asserts on Page 4.4-3 that:  “… any potential for cumulative impacts from
SURTASS LFA sonar operations is extremely small and has been addressed by limitations
proposed for employment of the system.” To reiterate briefly, among the reasons for our
questioning this conclusion are:  (1) the lack of reliable cumulative impact information
concerning both Navy and other nations’ or organizations’ use of LFA; (2) the paucity of
reliable information on the overall effects of noise on the marine environment; (3) the extreme
difficulty of accurately monitoring and measuring the effects of LFA and other low-frequency
underwater noise impacts; and (4) an unsubstantiated reliance on 180 dB as a safety threshold
for impacts, based on limited Navy LFA studies primarily exposing animals to <180 dB levels.

We understand that in the context of all the world’s noise sources, LFA is not a dominant
factor.  But the same can be said of any individual source:  each one by itself is relatively
insignificant, but the cumulative impact may be significant. The EIS should acknowledge how
little we really know about cumulative noise impacts and should propose studies to fill the data
gaps and monitor the effects of human-induced noise on the marine environment.

In reviewing the LFA research phases, ATOC, and other acoustic projects, the Commission
noted growing evidence from the past decade that  man-made sounds can disturb marine
mammals.  Despite the additional Navy research, and considering the recent events in the
Mediterranean and the Bahamas, the Commission remains concerned over these issues.
Definitive conclusions regarding the implications of recent stranding events for LFA
technology are elusive.  On the one hand, low-frequency sound was not implicated in the
Bahamas whale strandings, and it may well have been the mid- rather than low-frequency
sound leading to the 1996 Mediterranean strandings.  On the other hand, the events underscore
how little is known about marine mammals and noise.  Based on current commonly-held
assumptions, the sounds that may have caused the Bahamas strandings were not expected to
lead to severe adverse marine mammal reactions.  Also, it may have been a complex
synergistic effect of a combination of different sounds that caused the reaction.  In any event,
serious re-evaluation of current assumptions on the effects of military sonar technology may be
warranted.

Marine mammals rely on sound for communication, orientation, and detection of predators and
prey. LFA (and ATOC) research efforts documented behavioral responses including silencing,
disruption of activity, and movement away from the source.  Sound carries so well underwater
that animals can be affected at great distances from a loud acoustic source (and with low-
frequency sources carrying the greatest distances). Because so little is known about the effects
of low-frequency sound on marine mammals, NMFS, the Commission, and other regulatory
agencies have been extremely challenged in their efforts to establish regulatory thresholds and
policy in the absence of reliable data. To date, and clearly with difficulty, the Commission has,
for want of a more reliable standard, accepted 180 dB (RL) as “a reasonable estimate for the
level at which potential physiological injury could occur for marine animals.” (See, for
example, USGS Seismic Surveys (CD-32-99 and CD-16-00), NMFS Pulsed Power Experiment
(CD-102-99), and the Minerals Management Service’s High Energy Seismic Survey (HESS)
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efforts). Even more challenging, given the long-term scope of the proposed LFA project, and
given the fact that behavioral changes can be documented at RLs well below 180 dB, is
determining which types of behavioral responses should be considered acceptable and benign,
as opposed to those which pose adverse population or biological consequences.  Clearly, both
the geographic and temporal scope of LFA use far exceed any of the more limited acoustic
activities previously authorized by the Commission.  On the other side of the equation, the
Navy articulates legitimate defense mission needs and has sincerely and objectively attempted
to answer some of the thorny issues raised and incorporate measures to protect marine
resources.  Despite the challenges and limited research available, the Commission needs to
weigh the competing military and resource protection needs and arrive at a scientifically
justifiable conclusion.

The Commission did not receive the Navy’s responses to the Commission staff’s Oct. 26,
1999, comments and questions on the Draft EIS by the time of publication of this report for the
December Commission meeting.  Analysis of these questions is necessary to enable the
Commission to determine whether marine resources would be adversely affected by the
proposed LFA use. Therefore, at this point in the process, the Commission concludes that it
does not have  sufficient information to determine the project’s consistency to the maximum
extent practicable with the marine resource protection policy (Section 30230) of the Coastal
Act.

B.  Commercial and Recreational Fishing and Diving.

1.  Coastal Act Policies.  Section 30230 of the Coastal Act, quoted on page 17
above, provides for the protection of economically (as well as biologically) significant marine
species (including fish).  Section 30234 provides:  “Facilities serving the commercial fishing
and recreational boating industries shall be protected and, where feasible, upgraded.”  Section
30234.5 provides that:  “The economic, commercial, and recreational importance of fishing
activities shall be recognized and protected.”  Section 30213  provides that “Lower cost visitor
and recreational facilities shall be protected, encouraged, and, where feasible, provided.”
Section 30220 of the Coastal Act provides that:  “Coastal areas suited for water-oriented
recreational activities that cannot readily be provided at inland water areas shall be protected
for such uses.”

2. Fishing.  The Navy believes that impacts on commercial and recreational
fishing will be minimal.  The Navy’s consistency determination states:

The criterion applied to fish, sharks and sea turtles for the proposed action to cause
significant direct effects is that the animal would have to be located within the LFA
mitigation zone (180-dB sound field) during the time that the sonar was operating. A
negligible portion of stocks of any fish, shark or sea turtle would be exposed to these
levels, even in the absence of monitoring mitigation.
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Section 30234.5 provides: “The economic, commercial and recreational importance of
fishing activities shall be recognized and protected.” The proposed SURTASS LFA sonar
employment would restrict the operation of SURTASS LFA sonar in coastal areas of
commercial and recreational fishing activities. Scientific data and evidence indicate that
if SURTASS LFA sonar operations occur in proximity to pelagic fish stocks, members of
some fish species could potentially be affected by LF sounds. However, it is reasonable to
consider any possible hearing loss or injury to fishes from SURTASS LFA sonar
transmissions to be limited to the LFA mitigation zone (180-dB sound field), and a
negligible portion of any fish stock would be present within this zone at any one time
during actual sound transmission. Even assuming that all fish exposed within the LFA
mitigation zone were to be affected, the percent of fish catch within the NMFS Fisheries
Resource Region—Pacific Coast potentially affected would be negligible compared to the
tonnage of fish harvested commercially and recreationally in the same oceanic region.
The Navy has therefore determined that the proposed SURTASS LFA sonar employment
is consistent with Section 30234.5 of the California Coastal Act.

Concerning recreational fishing, the Navy states:

The proposed action would have no significant impacts on recreational fish stocks and/or
fish captures in marine waters due to the geographic restriction on operations and the
temporary nature of SURTASS LFA sonar employment (i.e., limited duty cycle [on no
more than 20 percent of the time], relatively short signal duration [maximum of 100
seconds] and moving source).

NRDC has raised concerns about the “lack of meaningful analysis of LFA’s effects on Salmon
and other endangered and threatened fish” in its DEIS comments; however this discussion
focused on potential effects in the Gulf of Alaska.  The Commission does not believe the
available evidence supports a finding that operations offshore of California waters would
adversely affect commercial and recreational fishing; nor does the Commission anticipate
additional information on this subject.  The Commission finds that project will not cause
significant adverse effects on commercial and recreational fishing in California coastal waters,
and is therefore consistent with the portion of Section 30230 relating to fisheries, and with
Sections 30234, and 30234.5 of the Coastal Act.

3. Diving/Other Recreation.  The Navy also believes that impacts on
commercial and recreational diving will be minimal with proposed mitigation; the Navy’s
consistency determination states:

Adequacy of Scientific Information On Human Divers

The Navy sponsored research to study the potential effects of LF sound on humans in the
water. This research was conducted by teams of independent scientists from universities
and from military research laboratories. The research is described below. Based on
results from this research and in conjunction with guidelines developed from
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psychological aversion testing, the Navy concluded that LF sound levels below 145 dB
would not have an adverse effect on recreational or commercial divers. This led the Navy
Submarine Medical Research Laboratory (NSMRL) to establish a 145-dB received level
(RL) criterion for recreational and commercial divers. The Navy-sponsored studies on
human divers included:

• Tests on Navy divers. This research was conducted by the Applied Research
Laboratory, University of Texas, from 1993 to 1995 under the direction of
NSMRL. In this study, 87 subjects (Navy divers) participated in 437 tests designed
to determine the received sound level threshold below which there was no risk of
auditory damage. This research resulted in the establishment of a damage risk
threshold of 160 dB received level for less than 2 minutes at one time and for less
than 15 minutes a day. The 160-dB RL threshold was the maximum level
recommended as standard guidance for divers who were equivalent in medical
health and fitness to Navy divers.

• A study to develop guidance for safe exposure limits for recreational and
commercial divers who might be exposed to LF sound. This research was
conducted by scientists from the Office of Naval Research (ONR) and NSMRL
between June 1997 and November 1998 in conjunction with scientists from
University of Rochester, Georgia Institute of Technology, Boston University,
University of Pennsylvania, Naval Medical Center San Diego, Duke University,
Divers Alert Network, and Applied Research Laboratory, University of Texas.
This study, which is incorporated as Technical Report 3 to the DOEIS/EIS,
developed guidance criteria for human exposure to LF sounds such as those
transmitted by the SURTASS LFA sonar system. Results were based on computer
modeling and animal and human studies during which subjects were exposed to
known levels of LF sound for known periods of time.

Human guidelines were established based on psychological aversion testing.
There was only a two percent aversion reaction subjectively judged as "very
severe" by divers at a level of 148 dB. NSMRL therefore determined that scaling
back the intensity by 3 dB (a 3 dB reduction equals a 50 percent reduction in
signal strength) would provide a suitable margin of safety against psychological
aversion for divers. Hence, NSMRL set the RL criterion for recreational and
commercial divers at 145 dB. This criterion was endorsed by the Department of
the Navy, Bureau of Medicine and Surgery (BUMED) on 18 October 1999.

The Navy’s adoption of the 145-dB guidance for operation of low frequency underwater
sound sources in the presence of divers is considered a conservative, protective decision.
During operation of the SURTASS LFA sonar, the distance from the source to where the
RL is 145 dB (the 145-dB sound field) varies from site to site due to the high variability in
underwater sound propagation characteristics and deployment protocols. The most
reliable method for ensuring that the criterion of 145-dB maximum RL is maintained at
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known recreational and commercial dive sites involves the application of validated
underwater acoustic models of sound propagation using site-specific environmental
parameters. Results provide an estimation of sound pressure level (SPL) as a function of
range and depth for each specific site.

The Navy’s consistency determination further states:

The proposed SURTASS LFA sonar employment (Alternative 1, Restricted Operation)
would be employed with geographic operational restrictions. Sound levels generated by
the operation of the sonar would not be allowed to exceed 180 dB within 22 km (12 nm)
of the coast. In addition, sound fields generated by the SURTASS LFA sonar under the
Restricted Operation Alternative would not be allowed to exceed 145 dB in the vicinity of
known dive sites. This is generally defined as from the shoreline out to the 40-m (130-ft)
depth contour, but it is recognized that there are other sites that may be outside of this
boundary. The latter would be identified using information obtained from the worldwide
Divers Alert Network (DAN) and other available literature.

As discussed below, the geographic restrictions imposed on the proposed SURTASS LFA
sonar employment ensure that California coastal areas suited for water-oriented
activities would be protected for such uses.

Swimming, Surfing, Snorkeling and Diving: Participants in activities that may involve
submersion below the ocean’s surface, such as swimming, surfing, snorkeling and diving,
would not be significantly impacted by the proposed SURTASS LFA sonar employment.
This determination is based on the following findings.

• Beach Location - Exposure to LF sound energy would be eliminated or greatly
reduced at beaches that are separated from the open ocean by a land mass (such
as beaches that exist inside islands or in bays), or beaches along portions of the
continental shelf.

• Water Depths - Swimming, surfing and snorkeling occur generally in areas that
extend from the surface to approximately 2 m (6.5 ft). Applying underwater
acoustic propagation theory and detailed measurements to these depths, there
would be substantial sound transmission losses occurring in the top layer of
water where swimmers, surfers and snorkelers would most likely be found. Sound
fields in this layer of water would be about 20 dB less than the sound fields in
adjacent deeper water.

• Divers – Under the proposed SURTASS LFA sonar employment, employment of
the SURTASS LFA sonar would be restricted to sound pressure levels not to
exceed 145 dB in known recreational and commercial diving sites. As described
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• above and in Attachment A, research conducted by the Navy indicates that LF
sound levels below 145 dB do not have an adverse effect on humans (recreational
or commercial divers) in water.

These findings provide the basis for the Navy’s determination that there would be no
significant impacts to persons engaged in swimming, surfing, snorkeling, and diving
resulting from the proposed SURTASS LFA sonar employment.

Whale Watching: The geographic and sound level restrictions of the proposed
SURTASS LFA sonar employment were included to restrict the operation of SURTASS
LFA sonar in areas where there are known concentrations of marine mammals, such as
whales. Whale watching sites are located in areas where there are known concentrations
of marine mammals. In California, this activity is concentrated on the coastal migratory
routes of whales. Consequently, these geographic and sound pressure level restrictions
would ensure that there were no significant impacts on whale watching activities as a
result of the proposed employment of SURTASS LFA sonar.

4. Commission Conclusion:  Fishing/Recreation/Diving.  As stated above, the
Commission has found the project consistent with the fishing policies.  However, concerning
diving activities, the Navy has not yet responded to the Commission staff’s questions regarding
the reliability of its assumptions and conclusions from its diving studies.  The Commission also
questions the Navy’s assumptions that whale watching impacts would be confined to coastal
areas, and therefore, with its conclusion that whale watching would not be affected.  Monterey
Bay whale watching tour guides report that whale watching activities in California waters are
not limited to coastal migratory paths, and even gray whale migratory paths are far from shore
in the area between south of Point Conception and Mexico area.  Therefore, while the project
consistent is with the commercial and recreational fishing policies, the Commission concludes
that it lacks sufficient information at this time to determine the project’s consistency to the
maximum extent practicable with the diving and recreation policies (Sections 30213 and
30220) of the Coastal Act.
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U.S. Navy’s Consistency Determination Submittal

SURTASS LFA Sonar Consistency Determination

PROPOSED SURVEILLANCE TOWED ARRAY SENSOR SYSTEM
LOW FREQUENCY ACTIVE (SURTASS LFA) SONAR EMPLOYMENT:

DETERMINATION OF CONSISTENCY WITH THE CALIFORNIA
COASTAL ACT

1. AUTHORITY

This consistency determination is being submitted in compliance with Section 930.34 et seq. of
the National Oceanic and Atmospheric Administration (NOAA) Federal Consistency
Regulations (15 CFR Section 930.30 et seq.) and Section 307(c)(1) of the federal Coastal Zone
Management Act of 1972 (CZMA) (16 U.S.C. 1456(c)).

This determination is being submitted in connection with the Department of the Navy's proposed
Surveillance Towed Array Sensor System Low Frequency Active (SURTASS LFA) sonar
employment. The proposed SURTASS LFA sonar employment is described below in Section 3.

2. DETERMINATION

In accordance with Section 307(c)(1)(A) of the CZMA, the U.S. Navy has determined that:

The proposed SURTASS LFA sonar employment, if undertaken by the
U.S. Navy, would be consistent with and will be conducted in a manner
consistent to the maximum extent practicable with the federally approved
enforceable policies of the California Coastal Act of 1976 (as amended).

This determination is based on the information contained in this consistency determination and
Attachment A, as well as in the Draft Overseas Environmental Impact Statement/Environmental
Impact Statement (DOEIS/EIS) for the Navy’s proposed SURTASS LFA sonar employment.1

3. PROGRAM DESCRIPTION

In accordance with the requirements of Presidential Executive Order (EO) 12114 (Environmental
Effects Abroad of Major Federal Actions) and the National Environmental Policy Act of 1969
(NEPA), the Navy prepared a DOEIS/EIS in July 1999 to evaluate the potential environmental
effects of the proposed SURTASS LFA sonar employment on the marine environment. The word
"employment" as used in this document means the use of the SURTASS LFA sonar during
routine training and testing as well as the use of the system during military operations. It does not
apply to the use of the system in armed conflict or direct combat support operations, nor during

                                                            
1 The DOEIS/EIS has been prepared pursuant to the National Environmental Policy Act (NEPA) and Executive
Order (EO) 12114. In response to comments received from the public and other agencies on the DOEIS/EIS, the
Navy may revise the document prior to issuing a final OEIS/EIS.
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periods of heightened threat conditions, as determined by the National Command Authorities.
The Navy will decide whether to proceed with the proposed SURTASS LFA sonar employment
after the DOEIS/EIS is finalized.

Under the SURTASS LFA sonar program described in the DOEIS/EIS, the Navy proposes to
equip up to four ocean surveillance vessels with SURTASS LFA sonar systems. The SURTASS
LFA sonar employment preferred alternative calls for geographic restrictions and monitoring to
mitigate effects on the marine environment, particularly in the coastal zone. In accordance with
the requirements of EO 12114 and NEPA, the DOEIS/EIS also considered alternatives to the
proposed SURTASS LFA employment, including the No Action Alternative and an Alternative
which called for the operation of the SURTASS LFA sonar without geographic restrictions and
monitoring mitigation (Unrestricted Operation, or Alternative 2). However, this consistency
determination is based on the Navy's preferred alternative for the SURTASS LFA sonar
employment; i.e. Restricted Operation Alternative (Alternative 1) as described in the
DOEIS/EIS.

Purpose and Need

The purpose of the proposed action is to meet U.S. need for improved capability to detect quieter
and harder-to-find foreign submarines at long range. This capability would provide U.S. forces
with adequate time to react to, and defend against, potential submarine threats while remaining a
safe distance beyond a submarine’s effective weapons range.

SURTASS LFA Sonar Technology

SURTASS LFA sonar is a long-range, low frequency (between 100 and 500 Hz), all-weather
sonar system composed of both active and passive components.

The active component of the SURTASS LFA system, LFA, is an augmentation to the passive
detection system, to be used when passive system performance is inadequate. LFA is a set of
acoustic transmitting source elements suspended by cable from underneath a ship. These
elements, called projectors, are devices that produce the active sound pulse, or "ping." The
projectors transform electrical energy to mechanical energy that set up vibrations or pressure
disturbances within the water to produce a "ping." The characteristics and operating features of
the active components (LFA) are:

• The source is a vertical line array (VLA) of up to 18 sound projectors suspended below
the vessel. LFA’s transmitted beam is omnidirectional (360 degrees) in the horizontal
(nominal depth of the center of the array is 122 m [400 ft]), with a narrow vertical
beamwidth that can be steered above or below the horizontal.

• The source frequency is between 100 and 500 Hz (the LFA system’s physical design does
not allow for transmissions below 100 Hz). A variety of signal types can be used,
including continuous wave (CW) and frequency-modulated (FM) signals. Signal
bandwidth is approximately 30 Hz.
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• The source level (SL) of an individual element of the SURTASS LFA sonar array is
approximately 215 decibels (dB) (referenced to 1 micro Pascal [µPa] at 1 meter). The
sound field of the array can never be higher than the SL of an individual source projector.

• The typical LFA signal is not a constant tone, but rather a transmission of various
waveforms that vary in frequency and duration. A complete sequence of sound
transmissions is referred to as a “ping” and lasts between 6 and 100 seconds, although the
duration of each continuous frequency sound transmission is never longer than 10
seconds.

• Average duty cycle (ratio of sound “on” time to total time) is less than 20 percent (20
percent is the maximum physical limit of the LFA system). The typical duty cycle is
between 10 and 20 percent.

• The time between transmissions is typically from 6 to 15 minutes.

The passive, or listening, component of the system is SURTASS. SURTASS detects returning
echoes from submerged objects, such as threat submarines, through the use of hydrophones.
These devices transform mechanical energy (received acoustic sound wave) to an electrical
signal that can be analyzed by the processing system of the sonar. The SURTASS hydrophones
are mounted on a receive array that is towed behind the ship. The SURTASS LFA sonar ship
must maintain a minimum speed of 5.6 kilometers per hour (3 knots) through the water in order
to tow the hydrophone array. The return signals, which are usually below background or ambient
noise level, are then processed and evaluated to identify and classify potential underwater
threats.

Alternatives Considered by the Navy

In the DOEIS/EIS, the Navy discussed the environmental effects of a reasonable range of
alternatives, including the No Action Alternative, the Restricted Operation Alternative, and the
Unrestricted Operation Alternative. Under NEPA, reasonable alternatives are those that will
accomplish the purpose and meet the need of the proposed action (in this case the U.S. need for
improved capability to detect quieter and harder-to-find foreign submarines at long range) and
those that are practical and feasible from a technical and economic standpoint. For the reasons
explained below, the Navy determined that the Restricted Operation Alternative (Alternative 1)
was the preferred alternative.

Alternative 1 (Restricted Operation, the Navy’s Preferred Alternative)

Alternative 1, the Navy's preferred alternative, best meets the program’s purpose and need, while
minimizing potential environmental effects as compared with unrestricted operations. This
alternative would include geographic restrictions and monitoring to prevent injury to potentially
affected species while satisfying the stated purpose of the proposed action to meet U.S. need for
improved capability to detect quieter and harder-to-find foreign submarines at long range.
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Geographic Restrictions

The following geographic restrictions would limit the California coastal areas in which the Navy
would deploy the SURTASS LFA sonar under Alternative 1 such that the sound field does not
exceed:

• 180 dB within 22 km (12 nm) of any coastline (including islands); and

• 145 dB in the vicinity of known recreational and commercial dive sites, including "blue
water" sites. Sites frequented by recreational divers are generally defined as from the
shoreline out to the 40-meter (m) (130-feet [ft]) depth contour. The Navy would contact
commercial dive organizations to determine the locations of “blue water” diving sites.
For recreational “blue water” dive sites the Navy would notify DAN and other diving
organizations concerning SURTASS LFA sonar operations on a case-by-case basis.

LFA Mitigation Zone

Implementation of Alternative 1 would provide for monitoring mitigation during operations of
the SURTASS LFA sonar to prevent injury to marine mammals (and possibly sea turtles) by
ensuring to the maximum extent possible that they are not within the LFA mitigation zone (180-
dB SURTASS LFA sonar sound field) during low frequency (LF) transmissions.

LFA Mitigation Zone

The LFA mitigation zone covers an area ensonified to a level > 180 dB by the SURTASS LFA sonar
transmit array. Under normal operating conditions, the range of this 180-dB sound field will vary between
the nominal ranges of 0.75 to 1.0 km (0.40 to 0.54 nm) from the source array over a depth of
approximately 122 ± 35 m (400 ± 115 ft). (The center of the array is at a nominal depth of 122 m [400 ft]).
Under rare conditions (e.g., strong acoustic duct) this range could be somewhat greater than 1 km (0.54
nm). Knowledge of local environmental conditions (such as sound speed profiles [depth vs. temperature]
and sea state) that affect sound propagation is critical to the successful operation of the SURTASS LFA
sonar and is monitored on a near-real-time basis. Therefore, the SURTASS LFA sonar operators would
have foreknowledge of such anomalous acoustic conditions and would mitigate to the 180-dB range even
when this was beyond 1 km (0.54 nm).

The use of the following three monitoring techniques are proposed:

• Visual monitoring for marine mammals and sea turtles from the SURTASS LFA sonar
vessel during daylight hours;
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• Use of the passive (low frequency) SURTASS array to listen for sounds generated by
marine mammals as an indicator of their presence; and

• Use of high frequency (HF) active sonar to detect/locate/track potentially affected marine
mammals (and possibly sea turtles) near the SURTASS LFA sonar vessel and the sound
field produced by the SURTASS LFA sonar source array.

Sound Field Pressure Level Determination

Under Alternative 1, operators of SURTASS LFA sonar would estimate sound pressure levels
(SPLs) versus distances from the transmit array prior to and during active operations. This SPL
monitoring would account for the factors affecting the transmission of sound in the ocean. It
would be performed by measuring and entering near-real-time environmental inputs (such as
sound speed profile [SSP], sea state, water depth, etc.) along with SURTASS LFA sonar
operational characteristics into Navy standard acoustic performance prediction models that
would then calculate the received levels (RLs) at various ranges and depths.

Alternative 2 (Unrestricted Operation)

Under Alternative 2, the Navy could conduct SURTASS LFA sonar operations with no
mitigation measures (e.g., no geographic restrictions and no monitoring to mitigate injury) within
the system’s physical limitations (e.g., not in very shallow water). Even though Alternative 2 is
more operationally flexible and cost-effective for the Navy to implement and operate, it is not the
Navy’s preferred alternative due to its potential adverse effects to marine animals and human
divers. This alternative would also be inconsistent with other regulations, such as the Marine
Mammal Protection Act (MMPA) and Endangered Species Act (ESA). Its implementation would
not be consistent with the Chief of Naval Operations' commitment to the protection of the
environment and good stewardship of the sea.

No Action Alternative

Under the No Action Alternative, the SURTASS LFA sonar system would not be deployed. The
effects of the No Action Alternative are those effects, going forward, that can be expected if the
proposed project is not implemented. These would include the potential for increased underwater
noise from additional ships and sonars, or additional time at sea (fewer ships/sonars) and more
sonar transmissions, to compensate for the loss of long-range detection capability afforded by
SURTASS LFA sonar. In addition, there would be an increase in fuel consumption and
expenditure of energy resources associated with additional ships or increased time at sea. Thus,
there would be environmental impacts resulting from implementation of this alternative. Most
importantly, however, the No Action Alternative would deprive the U.S. Navy of the capability
to detect quieter and harder-to-find foreign submarines at long range. Thus, U.S. forces would
not have adequate time to react to, and defend against, potential submarine threats while
maintaining a safe distance from a submarine's effective weapon range. As such, the No Action
Alternative would potentially produce increased environmental impacts and would not
accomplish the purpose and need of the proposed action.
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Alternatives That Do Not Fulfill the Purpose and Need

Several alternatives that did not fulfill the purpose and need of the proposed action were
eliminated from detailed study in the DOEIS/EIS. These are briefly discussed below. Non-
acoustic alternative underwater detection technologies were evaluated to determine which of
them were capable of meeting the U.S. need to improve detection of quieter and harder-to-find
foreign submarines at long range. Those evaluated and tested by the Navy included radar, laser,
magnetic, infrared, electronic, electric, hydrodynamic, and biologic technologies. None of these
non-acoustic technologies were capable of fulfilling the purpose of the proposed action, and they
were eliminated from further study in the DOEIS/EIS. While these alternative technologies
demonstrated some utility in detecting submarines, they could not reliably provide U.S. forces
with long-range detection (tens to hundreds of nautical miles) and longer reaction times due to a
number of critical factors:

• Limited range of detection;

• Meteorological and oceanographic limitations;

• Unique operating requirements; and/or

• Requirement for the submarine to be at or near the surface for detection.

Analytical Context

In developing the framework for the DOEIS/EIS, the Navy recognized that it needed to address
the following issues:

• Adequacy of scientific information on human divers - Data regarding the effects of
underwater LF sound on humans are limited. As a result of this, the Navy sponsored
independent scientific research to study the potential effects of LF sound on human
divers.

• Adequacy of scientific information on marine animals - Data regarding the effects of
underwater LF sound on marine animals, and in particular marine mammals, are limited.
As a result of this limitation, the Navy conducted a series of original scientific field
research projects to fill the most critical of the data gaps regarding the potential effects of
LF sound on the behavioral responses of free-ranging marine mammals. This research
effort is referred to as the Low Frequency Sound Scientific Research Program (LFS
SRP).

• Analytical approach - Given the data limitations, it was necessary to develop a prudent
and conservative approach to the evaluation of potential environmental impacts from
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SURTASS LFA sonar. A prudent approach was utilized throughout the DOEIS/EIS and
its supporting studies.

These topics are addressed below and in more detail in Attachment A.

Scientific Research Programs

As studies for the proposed SURTASS LFA sonar system progressed, the Navy recognized that
additional research was required in several areas to fill gaps in the scientific data. These included
the potential effects of LF sound on human divers, development of scientifical data concerning
what exposure (combination of received level and duration) could potentially result in injury to
marine mammals, and the potential effects of LF sound on marine mammal behavior. The
Navy’s research activities in these areas are described below.

Potential Effects on Human Divers

The Navy sponsored independent research by a consortium of university and military
laboratories to study the potential effects of LF sound on humans in the water. This research
indicated that LF sound levels below 145 dB do not have physical and psychological adverse
effects on humans (recreational or commercial divers) in water. The Navy-sponsored studies are
discussed in Attachment A.

The Navy’s adoption of the 145-dB criterion with respect to human divers is a conservative,
protective decision. The distance of the 145-dB sound field from the SURTASS LFA sonar
vessel is unique to each operational site due to the high variability in underwater sound
propagation characteristics. The technique of sound field determination through the estimation of
sound pressure level (SPL) is the most reliable method of ensuring that the criterion of 145 dB
maximum RL at known recreational and commercial dive sites is maintained. As explained
above, the RLs will be determined in near-real-time by acoustic performance prediction models.

Potential Effects on Marine Mammals

The Navy has been instrumental in advancing scientific understanding of the potential effects of
LF sound on the marine environment through its three-year Low Frequency Sound Scientific
Research Program (LFS SRP), and the Marine Mammal Biology Program, a major Office of
Naval Research (ONR) initiative since 1993 under ONR Code 335. The LFS SRP is discussed in
more detail in Technical Report 1 of the DOEIS/EIS.

Impact Criteria

Based on independent research by prominent experts and the consensus from several scientific
and technical workshops, the 180-dB received level was considered to be a scientifically
reasonable estimate for the onset of potential injury to marine animals. Based on the results of
the LFS SRP and independent research by prominent scientific experts, a risk continuum was
developed for the determination of the potential for prolonged disturbance of a biologically
important behavior, which ranged from risk approaching zero at 119 dB to a 95 percent
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probability of a prolonged disturbance of a biologically important behavior at 180 dB with a
graduated function in between.

Summary of Potential Impacts

Sound is a pervasive stimulus in marine environments, but the majority of marine animal species
would be unaffected by the proposed SURTASS LFA sonar employment. Many areas would not
be exposed to significant LF sonar sound. For example, LF sounds do not propagate effectively,
or spread, into shallow water environments. In addition, for SURTASS LFA sonar to have an
effect on an animal, some organ or tissue must be capable of changing LF sound energy into
mechanical effects.

The DOEIS/EIS for the proposed SURTASS LFA sonar employment evaluated the potential
impacts on all marine species that could occur within the same ocean region and during the same
time of year as the SURTASS LFA sonar operation, and which possess some sensory mechanism
that allows them to perceive the LF sounds or possess tissue with sufficient acoustic impedance
different from water to be affected by LF sounds. Species that did not meet these criteria were
excluded from consideration. Those not evaluated because they did not meet the above criteria
included phytoplankton, zooplankton, invertebrates, seabirds, and sea snakes.

The criterion applied to fish, sharks and sea turtles for the proposed action to cause significant
direct effects is that the animal would have to be located within the LFA mitigation zone (180-
dB sound field) during the time that the sonar was operating. A negligible portion of stocks of
any fish, shark or sea turtle would be exposed to these levels, even in the absence of monitoring
mitigation.

The potential impact on any stock of marine mammals from injury (within the LFA mitigation
zone) due to the proposed action is negligible, and the effect on the stock of any marine mammal
from prolonged disturbance of a biologically important behavior is minimal. Biologically
important behaviors are those activities essential to the continued existence of a species, such as
feeding, migrating, breeding and calving. The DOEIS/EIS calculates the percentage of each
stock of marine mammals at risk of injury or prolonged disturbance of a biologically important
behavior. These percentages took into consideration geographic restrictions and monitoring
mitigation (Alternative 1, Restricted Operation, the Navy’s Preferred Alternative) that would
reduce the potential for effects on any stocks from injury to negligible levels. The numbers of
animals potentially affected through prolonged disturbance of a biologically important behavior
would be so small as to have negligible impacts on the affected species’ stocks and upon the
availability of the species for subsistence needs. The analytical methodology and results are
presented in Chapter 4 of the DOEIS/EIS, and incorporated herein by reference.

Findings from the LFS SRP did not reveal any prolonged disturbance of behavior in marine
mammals, and the risk analysis showed a low risk to marine mammal stocks from the proposed
SURTASS LFA sonar employment. However, should the Navy decide to proceed with the
proposed SURTASS LFA sonar employment, the Navy believes that it would be prudent to
continue monitoring of potential effects of SURTASS LFA sonar on marine mammals. The
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Navy’s efforts in this regard and its stated intention to conduct Long Term Monitoring (LTM)
concurrently with the operation of SURTASS LFA sonar would contribute to the body of
scientific knowledge on the potential effects of human-made underwater LF sound on marine
life.

Long Term Monitoring (LTM) Program

The principal objectives of the LTM Program for the proposed SURTASS LFA sonar
employment are:

• Conduct Navy and independent scientific analyses of the effectiveness of proposed
mitigation measures, and make recommendations for improvements where applicable, to
incorporate them as early as possible, with National Marine Fisheries Service (NMFS)
concurrence;

• Provide the necessary input data for reports to NMFS (under the Marine Mammal
Protection Act as discussed below) on assessment of whether any taking of marine
mammal(s) occurred within the LFA mitigation zone (180-dB sound field) during
SURTASS LFA sonar operations;

• Study the potential effects of Navy SURTASS LFA sonar-generated underwater sound
on long-term ecological processes relative to LF sound-sensitive marine mammals and
sea turtles, focusing on the application of Navy technology for the detection,
classification, localization, and tracking of these animals;

• Collaborate, as feasible, with pertinent Navy, academic, and industry laboratories and
research organizations, and where applicable, with Allied navy and academic
laboratories; and

• Provide for incident monitoring to include: (1) recreational or commercial diver incident
monitoring, and (2) marine mammal stranding incident monitoring. The Navy would
maintain close coordination with the principal clearinghouses for information on diver-
related incidents, namely the National Association of Underwater Instructors (NAUI),
Professional Association of Diving Instructors (PADI) and Divers Alert Network (DAN).
For recreational dive sites, the Navy will notify DAN and other diving organizations
concerning SURTASS LFA sonar operations on a case-by-case basis. In addition, when
the Navy files a Notice to Mariners for major naval exercises, it would include the
notification of any SURTASS LFA sonar participation. The Navy would also coordinate
with the principal worldwide marine mammal stranding networks, including federal and
state, and international organizations.

Permitting Requirements

Upon completion of the DOEIS/EIS and its filing with the U.S. Environmental Protection
Agency, the Navy initiated formal consultation with NMFS on 4 October 1999 under the
Endangered Species Act of 1972, as amended.
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Additionally, on 12 August 1999, the Navy submitted an application to NMFS for a letter of
authorization under Section 101(a)(5)(A) of the Marine Mammal Protection Act to take marine
mammals incidentally through the operation of the proposed SURTASS LFA sonar.

4. DETERMINATION OF CONSISTENCY WITH THE ENFORCEABLE
POLICIES OF THE CALIFORNIA COASTAL ACT

Pursuant to the CZMA, the Navy has determined that the proposed SURTASS LFA employment
is consistent to the maximum extent practicable with the enforceable policies of California
Coastal Act (Division 20, California Public Resource Code). As the principal legislative/
regulatory component of the California Coastal Management Program, the California Coastal
Act provides the basis for CZMA federal consistency review.  The policies set forth in Chapter 3
of the California Coastal Act provide the standard of review for permit and federal consistency
matters. These policies are interpreted in light of legislative findings, state goals, and interpretive
directions contained elsewhere in the Act.

Table 1 provides a summary (by article and section) of the Navy’s determinations regarding the
consistency of the proposed SURTASS LFA sonar employment with the policies set forth in
Chapter 3 of the California Coastal Act.

Table 1.
Consistency Determinations for Policies Set Forth in

Chapter 3 of the California Coastal Act

Article/Section Title Consistency
Determination

Article 1   General
30200 Policies as standards; resolution of policy conflicts Consistent

Article 2   Public Access
30210 Access; recreational opportunities; posting NA
30211 Development not to interfere with access NA
30212 New development projects; provisions for access;

exceptions
NA

30212.5 Public facilities; distribution NA
30213 Lower cost visitor and recreational facilities;

encouragement and provision, overnight room rentals
NA

30214 Implementation of public access policies; legislative
intent

NA

Article 3   Recreation
30220 Protection of certain water-oriented activities Consistent
30221 Oceanfront land; protection for recreational use and

development
NA

30222 Private lands; priority of development purposes NA
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Article/Section Title Consistency
Determination

30222.5 Oceanfront land; protection for aquaculture use and
development

NA

30223 Upland areas NA
30224 Recreational boating use; encouragement; facilities NA

Article 4   Marine Environment
30230 Marine resources; maintenance Consistent
30231 Biological productivity; waste water Consistent
30232 Oil and hazardous substance spills NA
30233 Diking, filling or dredging NA
30234 Commercial fishing and recreational boating facilities NA
30234.5 Fishing; economic, commercial, and recreational

importance
Consistent

30235 Revetment, breakwaters, etc. NA
30236 Water supply and flood control NA
30237 Habitat conservation plan; Bolsa Chica NA

Article 5   Land Resources
30240 Environmentally sensitive habitat areas; adjacent

developments
NA

30241 Prime agricultural land; maintenance in agricultural
production

NA

30241.5 Agricultural lands; viability of uses NA
30242 Land suitable for agricultural use; conversion NA
30243 Productivity of soils and timberlands; conversion NA
30244 Archaeological or paleontological resources NA

Article 6   Development
30250 Location, generally NA
30251 Scenic and visual qualities NA
30252 Maintenance and enhancement of public areas NA
30253 Safety, stability, pollution, energy conservation, visitors NA
30254 Public works facilities NA
30254.5 Sewage treatment plants and conditions NA
30255 Priority of coastal-dependent developments NA

Article 7   Industrial Development
30260 Location or expansion NA
30261 Use of tanker facilities; liquefied natural gas terminals NA
30262 Oil and gas development NA
30263 Refineries or petrochemical facilities NA
30264 Thermal electric generating plants NA
30265 Offshore oil transportation and refining NA
30265.5 Coordination of offshore oil transport and refining

activities
NA

Consistent - Consistent to the maximum extent practicable with the enforceable policies of the California Coastal
Act of 1976 (as amended).
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NA - The Navy has determined that the proposed action is not applicable to the referenced section of Chapter 3 of
the Act.

Basis for Navy’s Consistency Determination

Article 1 - General

Section 30200 of Article 1 of the California Coastal Act provides in pertinent part: “ [T]he
policies of this chapter shall constitute the standards by which [ ] the permissibility of proposed
developments subject to the provisions of this division are permitted. All public agencies
carrying out or supporting activities outside the coastal zone that could have a direct impact on
resources within the coastal zone shall consider the effect of such actions on coastal zone
resources in order to assure that these policies are achieved.”

The proposed action would be carried out outside of the California coastal zone, but could
potentially affect resources within the coastal zone. Therefore, consistent with Section 30200 of
the California Coastal Act, the Navy has reviewed the action for consistency with the California
Coastal Management Program.

Article 2 - Public Access

Public access to the sea and along the shoreline are fostered and protected by Sections 30210-
30214 of the Act. The employment of SURTASS LFA sonar would have no effect upon these, as
all activities would occur in the offshore regions of the California coast and at least 22 km (12
nm) from any coast (including islands).

Article 3 - Recreation

Section 30220 of Article 3 of the California Coastal Act provides: “Coastal areas suited for
water-oriented recreational activities that cannot readily be provided at inland waters shall be
protected for such uses.” Although the term “water-oriented recreational activities” is not defined
in the California Coastal Act or its implementing regulations, presumably these activities would
include recreational fishing, swimming and snorkeling, surfing, diving, and whale watching.

The proposed SURTASS LFA sonar employment (Alternative 1, Restricted Operation) would be
employed with geographic operational restrictions. Sound levels generated by the operation of
the sonar would not be allowed to exceed 180 dB within 22 km (12 nm) of the coast. In addition,
sound fields generated by the SURTASS LFA sonar under the Restricted Operation Alternative
would not be allowed to exceed 145 dB in the vicinity of known dive sites. This is generally
defined as from the shoreline out to the 40-m (130-ft) depth contour, but it is recognized that
there are other sites that may be outside of this boundary. The latter would be identified using
information obtained from the worldwide Divers Alert Network (DAN) and other available
literature.
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As discussed below, the geographic restrictions imposed on the proposed SURTASS LFA sonar
employment ensure that California coastal areas suited for water-oriented activities would be
protected for such uses.

Recreational Fishing: The proposed action would have no significant impacts on recreational
fish stocks and/or fish captures in marine waters due to the geographic restriction on operations
and the temporary nature of SURTASS LFA sonar employment (i.e., limited duty cycle [on no
more than 20 percent of the time], relatively short signal duration [maximum of 100 seconds]
and moving source).

Swimming, Surfing, Snorkeling and Diving: Participants in activities that may involve
submersion below the ocean’s surface, such as swimming, surfing, snorkeling and diving, would
not be significantly impacted by the proposed SURTASS LFA sonar employment. This
determination is based on the following findings.

• Beach Location - Exposure to LF sound energy would be eliminated or greatly reduced at
beaches that are separated from the open ocean by a land mass (such as beaches that exist
inside islands or in bays), or beaches along portions of the continental shelf.

• Water Depths - Swimming, surfing and snorkeling occur generally in areas that extend
from the surface to approximately 2 m (6.5 ft). Applying underwater acoustic propagation
theory and detailed measurements to these depths, there would be substantial sound
transmission losses occurring in the top layer of water where swimmers, surfers and
snorkelers would most likely be found. Sound fields in this layer of water would be about
20 dB less than the sound fields in adjacent deeper water.

• Divers – Under the proposed SURTASS LFA sonar employment, employment of the
SURTASS LFA sonar would be restricted to sound pressure levels not to exceed 145 dB
in known recreational and commercial diving sites. As described above and in
Attachment A, research conducted by the Navy indicates that LF sound levels below 145
dB do not have an adverse effect on humans (recreational or commercial divers) in water.

These findings provide the basis for the Navy’s determination that there would be no significant
impacts to persons engaged in swimming, surfing, snorkeling, and diving resulting from the
proposed SURTASS LFA sonar employment.

Whale Watching: The geographic and sound level restrictions of the proposed SURTASS
LFA sonar employment were included to restrict the operation of SURTASS LFA sonar in areas
where there are known concentrations of marine mammals, such as whales. Whale watching sites
are located in areas where there are known concentrations of marine mammals. In California, this
activity is concentrated on the coastal migratory routes of whales. Consequently, these
geographic and sound pressure level restrictions would ensure that there were no significant
impacts on whale watching activities as a result of the proposed employment of SURTASS LFA
sonar.
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The proposed employment of SURTASS LFA sonar would have no effect upon ocean front
lands, as all activities would occur in the offshore regions of the coastline and at least 22 km (12
nm) from any coast (including islands).

Sections 30221-30224 of the Act are not applicable to the proposed action because they are
related to shore facilities.

Article 4 - Marine Environment

Section 30230 of Article 4 of the California Coastal Act provides: “Marine resources shall be
maintained, enhanced, and, where feasible, restored. Special protection shall be given to areas
and species of special biological or economic significance. Use of the marine environment shall
be carried out in a manner that will sustain the biological productivity of coastal waters and that
will adequately maintain healthy populations of all species of marine organisms adequate for
long-term commercial, recreational, scientific and educational purposes.”

Section 30231 of Article 4 of the California Coastal Act provides in pertinent part: “The
biological productivity and the quality of coastal waters [ ] appropriate to maintain optimum
populations of marine organisms and for the protection of human health shall be maintained and,
where feasible, restored.”

The Navy has determined that with geographic restrictions and monitoring mitigation the
proposed SURTASS LFA sonar employment would be carried out in a manner that would
sustain and protect the biological productivity of coastal waters. As such, the Navy has
determined that the proposed action is consistent with Sections 30230 and 30231 of the
California Coastal Act.

Sections 30232-30234 of the California Coastal Act are not applicable because the proposed
action does not involve wastewater; oil and hazardous substance spills; diking, filling, or
dredging; or boating facilities.

Section 30234.5 provides: “The economic, commercial and recreational importance of fishing
activities shall be recognized and protected.” The proposed SURTASS LFA sonar employment
would restrict the operation of SURTASS LFA sonar in coastal areas of commercial and
recreational fishing activities. Scientific data and evidence indicate that if SURTASS LFA sonar
operations occur in proximity to pelagic fish stocks, members of some fish species could
potentially be affected by LF sounds. However, it is reasonable to consider any possible hearing
loss or injury to fishes from SURTASS LFA sonar transmissions to be limited to the LFA
mitigation zone (180-dB sound field), and a negligible portion of any fish stock would be present
within this zone at any one time during actual sound transmission. Even assuming that all fish
exposed within the LFA mitigation zone were to be affected, the percent of fish catch within the
NMFS Fisheries Resource Region—Pacific Coast potentially affected would be negligible
compared to the tonnage of fish harvested commercially and recreationally in the same oceanic
region. The Navy has therefore determined that the proposed SURTASS LFA sonar employment
is consistent with Section 30234.5 of the California Coastal Act.
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Sections 30235-30237 are not applicable because the proposed action does not involve
revetments, breakwaters, water supplies, flood control, or the Bolsa Chica.

Article 5 - Land Resources

Sections 30240-30244 of the Act are not applicable to the proposed action because they are
related to land resources including habitat areas, agriculture, timberlands, and archaeological or
paleontological resources.

Article 6 - Development

Sections 30250-30255 of the Act are not applicable because they relate to coastal development.

Article 7 - Industrial Development

Sections 30260-30265.5 of the Act are not applicable because they relate to industrial
development.

Conclusion

Based on the provisions, considerations, facts and analysis presented above, the Navy has
determined that the proposed SURTASS LFA sonar employment, if undertaken, would be
conducted in a manner that is consistent with the enforceable policies of the California Coastal
Act to the maximum extent practicable.
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ATTACHMENT A
ANALYTICAL CONTEXT

In developing the framework for the DOEIS/EIS, the Navy recognized that it needed to address
the following issues:

• Adequacy of scientific information on human divers - Data regarding the effects of
underwater low frequency (LF) sound on humans are limited. As a result of this, the
Navy sponsored independent scientific research to study the potential effects of LF sound
on human divers.

• Adequacy of scientific information on marine animals - Data regarding the effects of
underwater LF sound on marine animals, and in particular marine mammals, are limited.
As a result of this limitation, the Navy conducted a series of original scientific field
research projects to fill the most critical of the data gaps regarding the potential effects of
LF sound on the behavioral responses of free-ranging marine mammals. This research
effort is referred to as the Low Frequency Sound Scientific Research Program (LFS
SRP).

• Analytical approach - Given the data limitations, it was necessary to develop a prudent
and conservative approach to the evaluation of potential environmental impacts from
SURTASS LFA sonar. A prudent approach was utilized throughout the DOEIS/EIS and
its supporting studies.

These topics are addressed in detail in the following material.

A.1 Adequacy of Scientific Information On Human Divers

The Navy sponsored research to study the potential effects of LF sound on humans in the water.
This research was conducted by teams of independent scientists from universities and from
military research laboratories. The research is described below. Based on results from this
research and in conjunction with guidelines developed from psychological aversion testing, the
Navy concluded that LF sound levels below 145 dB would not have an adverse effect on
recreational or commercial divers. This led the Navy Submarine Medical Research Laboratory
(NSMRL) to establish a 145-dB received level (RL) criterion for recreational and commercial
divers. The Navy-sponsored studies on human divers included:

• Tests on Navy divers. This research was conducted by the Applied Research Laboratory,
University of Texas, from 1993 to 1995 under the direction of NSMRL. In this study, 87
subjects (Navy divers) participated in 437 tests designed to determine the received sound
level threshold below which there was no risk of auditory damage. This research resulted
in the establishment of a damage risk threshold of 160 dB received level for less than 2
minutes at one time and for less than 15 minutes a day. The 160-dB RL threshold was the
maximum level recommended as standard guidance for divers who were equivalent in
medical health and fitness to Navy divers.
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• A study to develop guidance for safe exposure limits for recreational and commercial
divers who might be exposed to LF sound. This research was conducted by scientists
from the Office of Naval Research (ONR) and NSMRL between June 1997 and
November 1998 in conjunction with scientists from University of Rochester, Georgia
Institute of Technology, Boston University, University of Pennsylvania, Naval Medical
Center San Diego, Duke University, Divers Alert Network, and Applied Research
Laboratory, University of Texas. This study, which is incorporated as Technical Report 3
to the DOEIS/EIS, developed guidance criteria for human exposure to LF sounds such as
those transmitted by the SURTASS LFA sonar system. Results were based on computer
modeling and animal and human studies during which subjects were exposed to known
levels of LF sound for known periods of time.

Human guidelines were established based on psychological aversion testing. There was
only a two percent aversion reaction subjectively judged as "very severe" by divers at a
level of 148 dB. NSMRL therefore determined that scaling back the intensity by 3 dB (a
3 dB reduction equals a 50 percent reduction in signal strength) would provide a suitable
margin of safety against psychological aversion for divers. Hence, NSMRL set the RL
criterion for recreational and commercial divers at 145 dB. This criterion was endorsed
by the Department of the Navy, Bureau of Medicine and Surgery (BUMED) on 18
October 1999.

The Navy’s adoption of the 145-dB guidance for operation of low frequency underwater sound
sources in the presence of divers is considered a conservative, protective decision. During
operation of the SURTASS LFA sonar, the distance from the source to where the RL is 145 dB
(the 145-dB sound field) varies from site to site due to the high variability in underwater sound
propagation characteristics and deployment protocols. The most reliable method for ensuring that
the criterion of 145-dB maximum RL is maintained at known recreational and commercial dive
sites involves the application of validated underwater acoustic models of sound propagation
using site-specific environmental parameters. Results provide an estimation of sound pressure
level (SPL) as a function of range and depth for each specific site.

A.2 Adequacy of Scientific Information on Marine Animals

Many human activities generate loud underwater sounds, and there is an urgent need for better
methods for measuring and estimating potential risk. The quantitative assessment of potential
risk is complicated by the scarcity of data in several areas:

• Hearing loss due to sound exposure in air is well studied in humans and some other
terrestrial animals. Data regarding underwater hearing capabilities of marine mammals
are rare and limited to a few of the smaller species that make convenient subjects in
captivity.

• Knowledge of the functions of the sounds produced by most marine mammals is limited.

• Data on the responses of marine mammals to LF sounds are limited.
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These data gaps have necessitated the use of various models and extrapolations in order to
provide a rational basis for the assessment of potential risk from exposure to LF sounds. To fill
some of these gaps, the Navy performed underwater acoustic modeling and supported the LFS
SRP to study the potential effect of LF sound on free-ranging marine mammals. This research
did not specifically address the issue of LF impact on marine mammal hearing; rather, it focused
on the behavioral responses of baleen whales to controlled exposure from SURTASS LFA sonar-
like signals.

In general, understandings on the mechanics of hearing and the biological functions of sounds
for marine mammals have improved considerably over the past decade. Specific information on
the effects of most types of human-made underwater noises on marine animals is incomplete but
has also increased in recent years. However, as the environmental evaluation of the SURTASS
LFA sonar system progressed, the Navy recognized that additional research was required in
several areas to fill some basic gaps in scientific knowledge. This included research on the
potential effects of LF sound on human divers (as discussed above) and research on the potential
effects of LF sound on marine mammal behavior.

While recognizing that not all of the questions on the potential for LF sound to affect marine life
are answered, and may not be answered in the foreseeable future, the Navy has combined
scientific methodology with a prudent approach throughout the DOEIS/EIS process to protect the
marine environment.

Although there are recognized areas of insufficient knowledge that must be accounted for when
estimating the potential direct and indirect effects on marine life from SURTASS LFA sonar, the
present level of understanding is deemed adequate to place reasonable bounds on potential
impacts.

The following discussion on marine animals addresses the three potential areas of impact and
injury, behavioral effects, and masking.

A.2.1 Estimating the Threshold of Potential Injury to Marine Animals

Potential auditory injury involves impacts to an animal’s hearing including permanent threshold
shift (PTS). Clinically, temporary threshold shift (TTS) serves as an indicator that more
increased exposure, either through increased exposure time or significantly louder levels, may
lead to PTS. TTS occurs when an animal’s normal hearing is impaired for a period of time due to
impingement upon the ear of a loud sound. After termination of the sound, normal hearing ability
returns in as short a time period as minutes, or as long a period as days. The occurrence of TTS is
strongly dependent on the frequency, intensity, and duration of the sound exposure event.
Animals and humans experience TTS under natural conditions as a result of exposure to abiotic
sounds (e.g., thunder, lightening strikes, wave noise) and sounds from other animals. Although
not necessarily harmful, an organism experiencing TTS could miss important signals. For
example, TTS could influence an animal’s chances of avoiding a predator or finding food.
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Use of Baleen Whales (Mysticetes) as Surrogates for Other Marine Life

The rationale for using representative species to study the potential effects of LF sound on
marine animals emerged from an extensive review in several workshops by a broad group of
interested parties: academic scientists, federal regulators, and representatives of environmental
and animal welfare groups. The outcome of these discussions concluded that baleen whales
(mysticetes) would be the focus of the three phases of the LFS SRP and surrogates for other
marine animals in the analysis of underwater acoustic impacts. Mysticetes were chosen because:
1) they produce and use LF sounds, 2) they are considered most likely among all marine animals
to have the best hearing in the SURTASS LFA sonar frequency band, 3) they have protected
status under law, and 4) there is prior evidence of their avoidance responses to LF sounds.

The composite audiogram shown in Figure A-1 (Marine Mammal Audiograms) illustrates the
contention that mysticetes have the best LF hearing of all marine mammals. Studies on pelagic
fish and sea turtles indicate that their LF hearing is not as sensitive as that of baleen whales.
Deep-diving species such as sperm and beaked whales are presumed not to have LF hearing as
good as that of baleen whales. Therefore, all of these groups or species were considered to be at
lower risk from LF sound than baleen whales.

One goal of identifying the species most sensitive to LF sound was to produce a model of
response that could be applied to other species for which data were lacking. This was also an
important element in the selection of species for the LFS SRP research, and was intended to
produce estimates of environmental impact that would be conservative when applied to other
species.

Potential of Injury to Marine Mammals

Marine mammals rely on hearing for a wide variety of critical functions. Exposure to sounds that
permanently affect their hearing ability poses significant problems for the survival and
reproduction of these animals. Many human activities generate loud underwater sounds, and
there is an urgent need for methods of estimating potential risk. The quest for a quantitative
assessment of risk potential is complicated by scarce data in two areas. First, direct measured
data regarding underwater hearing capabilities of marine mammals are generally limited to a few
of the smaller species that make convenient subjects in captivity. Second, hearing loss due to
sound exposure is well studied in humans and other terrestrial animals, but data for marine
animals are sparse. These data gaps have prompted the use of various models and extrapolations,
in order to provide a rational basis for the assessment of risk potential.
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Marine Mammal Hearing Thresholds

Assessment of potential risk to a particular species must begin with an estimate of the range of
frequencies at which the animal’s hearing is most sensitive, and the associated thresholds. The
range of sounds produced by a species is generally associated with ranges of good hearing
sensitivity, but many species exhibit good hearing sensitivity both above and below the
frequency range of sounds they produce. Closely related species of similar body size,
vocalization range and ecological habitat are often presumed to have similar hearing. Anatomical
models of inner ear function have been used to extend the scope of limited audiometric data
(Ketten, 1992, 1994, 1997, 1998). In Dr. Ketten's work, the resonant properties of the basilar
membrane provide clues to the probable range of animal hearing. Ketten (1998) delineates
marine mammal functional hearing ranges into three categories: 1) infrasonic balaenids
(mysticetes) with functional hearing from 15 Hz to 20 kHz, good sensitivity from 20 Hz to 2
kHz, and speculated threshold of best hearing at 80 dB re 1 µPa; 2) sonic to high frequency
species with functional hearing range from 100 Hz to 100 kHz with widely varying peak spectra
and a minimal threshold commonly at 50 dB re 1 µPa; and 3) ultrasonic dominant species with
functional hearing range from 500 Hz to 200 kHz, good sensitivity from 16 to 120 kHz, and
minimal hearing threshold commonly at 40 dB re 1 µPa.

Figure A-1 illustrates the hearing range for baleen whales as estimated from scientific methods
as well as mathematical models based on ear anatomy or inferred from emitted sounds (Ketten,
1994, 1998; Frankel et al., 1995; Ketten, pers. comm., 2000). Also shown in this figure are the
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Figure A-1. Marine Mammal Audiograms.
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best-fit curves for pinniped and odontocete audiograms (Gerstein, et al., 1999), and an estimate
of the lower bound of ambient noise (Urick, 1983).

Selection of the 180 dB Reference Point

In terms of the potential for biological risk, it is important to note that individuals will vary
somewhat due to age and physical condition in both their pre-exposure hearing sensitivity, and in
the severity of the consequent biological effects. The risk continuum presented in the DOEIS/EIS
estimates that 95 percent of the marine mammals exposed to a single ping in water of 180 dB re
1 µPa could experience a risk of prolonged disturbance of a biologically important activity. With
regard to the potential for hearing damage, this level is comparable to Ward’s (1997) acceptable
one-time exposure limit described for humans.

The present scientific consensus is that serious problems in marine mammals’ hearing capability
can occur at single-ping RLs of 180 dB and above, generally independent of signal duration or
frequency. Therefore, it is assumed that for SURTASS LFA sonar, the 180-dB sound field
represents a single-ping RL that can be considered to be a scientifically reasonable estimate for
the potential onset of injury.

Some of the scientific and technical workshops and meetings at which this consensus was
developed are:

• High Energy Seismic Survey [HESS] Team Workshop, Pepperdine University School of
Law, June 12-13, 1997 (Knastner, 1998);

• Office of Naval Research Workshop on the Effects of Man-Made Noise on the Marine
Environment. Washington, DC, February 9-12, 1998 (Gisiner, 1998); and

• National Marine Fisheries Service (Office of Protected Resources) Workshop on
Acoustic Criteria, Silver Spring, MD, September 9-12, 1998.

Comparison to Fish Hearing Studies

Hastings et al. (1996) studied the effects of intense sound stimulation on the ear and lateral line
of the oscar fish (Astronotus ocellatus). They found that there was some damage to the sensory
hair cells of two of the otolith organs, the lagena and utricle, when the fish were exposed to
continuous underwater sound at 300 Hz and 180 dB for one hour. The interpretation of these
results was that exposure to a pure tone, high intensity sound continuously for one hour has the
potential to damage the ear of fish.

Other studies also suggest that intense sound may result in limited damage to the sensory hair
cells in the ears of fish. Cox et al. (1986a, b; 1987) exposed goldfish (Carassius auratus), a
fresh-water fish with specialized and sensitive hearing, to pure tones at 250 and 500 Hz at 204
and 197 dB, respectively, at durations on the order of two hours, and found some indication of
hair cell damage. Enger (1981) determined that some ciliary bundles (the sensory part of the hair
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cell) of the inner ear of the cod (Gadus morhua) were destroyed when exposed to sounds at
several frequencies from 50 to 400 Hz at 180 dB for 1-5 hours.

Given that the physiology of inner ear hair cells is considered to be similar among vertebrates,
and that exposure to 180 dB in water is expected to yield the same shear forces on the inner ears
of fish and marine mammals, it seems a valid conclusion that the single-ping 180 dB criterion for
potential injury to fish stocks from SURTASS LFA sonar can be considered to be relatively
conservative.

A.2.2 Estimating the Potential for Behavioral Effect

Marine mammals rely on underwater hearing for a wide variety of biologically critical functions.
The primary concern here involves the possibility that exposure to SURTASS LFA sonar signals
could potentially affect their hearing ability or modify biologically important behaviors. An
individual exposed to LF sound levels high enough to affect its hearing ability could potentially
have reduced chances of reproduction or survival. Given the hypothetical situation that animals
could be exposed to sound levels that might affect hearing ability, than the possibility could exist
that significant portions of their stocks could potentially experience lower rates of reproduction
or survival. On the behavioral side, if it is conjectured that a LF sound source is loud and can be
detected at moderate to low levels over large areas of the ocean, the concern is that large
percentages of species stocks might be exposed to moderate to low received sound levels. Thus,
if it is speculated that these animals experience prolonged disturbance of biologically important
behaviors, then such exposures could potentially have an impact on rates of reproduction or
survival.

Low Frequency Sound Scientific Research Program

Knowing that cetacean behavioral responses to LF sound signals needed to be better defined
using controlled experiments, the Navy helped develop and supported the three-year LFS SRP
beginning in 1997. The LFS SRP was designed to supplement the limited scope of data from
previous studies. This field research program was based on a systematic process for selecting the
marine mammal indicator species and field study site locations, using inputs from several
workshops involving a broad group of interested parties (academic scientists, federal regulators,
and representatives of environmental and animal welfare groups). In designing the LFS SRP, the
Navy chose to minimize the potential of risk to animals that were the subject of the study.

The LFS SRP produced new information about behavioral responses to LF sounds at RLs from
120 to 155 dB. Controlled experimental tests were performed in three phases, involving the
following species and settings:

• Phase I: Blue and fin whales feeding in the Southern California Bight (September –
October 1997);

• Phase II: Gray whales migrating past the central California coast (January 1998); and

• Phase III: Humpback whales off Hawaii (February – March 1998).
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Relevance of LFS SRP for Risk Assessment and Quantifying Potential Impacts
to Marine Mammals

Prior to the LFS SRP, the expectation was that whales would begin to show behavioral responses
at received levels (RLs) of 120 dB (Malme et al., 1983, 1984). Immediately obvious responses
were expected for levels >140 dB (Richardson et al., 1995). The LFS SRP experiments detected
some short-term behavioral responses at estimated RLs between 120 to 155 dB. In the Phase II
research, avoidance responses were sometimes obvious in the field. For Phase III, analysis of
behavioral response measures revealed subtle, but statistically significant, effects. However,
research scientists did not consider any of the behavioral responses to be indicative of prolonged
disturbances of a biologically important behavior.

The underwater acoustic modeling analyses conducted in the DOEIS/EIS, subsequent to the LFS
SRP, have demonstrated that the range of exposure levels for subject animals during the LFS
SRP covered an important part of the RL range (120 to 155 dB) that would be expected during
actual SURTASS LFA sonar operations.

Results from the DOEIS/EIS modeling presented in Figures A-2a through A-2c (Modeled
Received Levels vs. Percentage of Modeled Pings and Probability of Risk (For All Mysticetes,
Odontocetes, Pinnipeds [31 sites])) illustrate that the preponderance of all modeled RLs for these
marine mammals fall below the 155-dB level, which is within the range of exposures studied
during the LFS SRP. Thus, it follows that the scientific conclusion based on the LFS SRP
research data does encompass the majority of SURTASS LFA sonar operational scenarios.

Figure A-2a. Modeled Received Levels vs. Percentage of Modeled Pings and Probability of Risk
(For All Mysticetes [31 Sites])
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Figure A-2b. Modeled Received Levels vs. Percentage of Modeled Pings and Probability of Risk
(For All Odontocetes [31 Sites])

Figure A-2c. Modeled Received Levels vs. Percentage of Modeled Pings and Probability of Risk
(For All Pinnipeds [31 Sites])
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A.2.3  Masking

Masking is the concealment or screening of a sensory process. In the marine environment, this
refers to biologically important sounds being masked, or screened, by louder noises, or sounds,
within the same frequency band.

Masking in fish stocks are discussed in the DOEIS/EIS. Existing evidence supports the
hypothesis that masking effects could potentially be significant for fish that have best hearing at
the same frequencies of SURTASS LFA sonar. However, given the 10-20 percent duty cycle and
maximum 100-second signal duration, masking would be temporary. Additionally, the 30-Hz
(approximate maximum) bandwidth of SURTASS LFA sonar signals is only a small fraction of
the animal’s hearing range—most fish sounds have bandwidths >30 Hz.

As in bony fishes, masking effects for shark stocks would be most significant for those species
with critical bandwidths at the same frequencies as SURTASS LFA sonar. However, the low
duty cycle and maximum 100-second signal transmission window, would lead to only temporary
masking, since the intermittent nature of the signal reduces the potential impact. Although long-
term effects of masking sounds on sharks have not been studied, these are not expected to be
severe because of the limited SURTASS LFA sonar bandwidth (approximate maximum of 30
Hz), and the fact that the signals do not remain at a single frequency for more than ten seconds.

Likewise for sea turtles, masking effects are potentially significant for those species that have
critical hearing bandwidths in the same frequencies as SURTASS LFA sonar. However, masking
of this nature would be temporary for the above reasons, and the geographical restrictions
imposed on all SURTASS LFA sonar operations would limit the potential for masking of sea
turtles.

As discussed in the DOEIS/EIS with regard to masking in marine mammals, any masking effects
would be temporary and are expected to be negligible, because the SURTASS LFA sonar
bandwidth is very limited (approximately 30 Hz), signals do not remain at a single frequency for
more than ten seconds, and the system is off at least 80 percent of the time.

A.3 Analytical Approach

The underwater acoustic analyses in the DOEIS/EIS incorporate many biological and physical
parameters. These parameters allow many situations to be modeled within a common framework.
When scientific experts selected the values for these parameters, the best scientific and technical
data and information were used, with the goal of selecting the most likely value for each
parameter. Each judgment was, however, intentionally tempered by a conservative bias.

Conservative Assumptions in Research and Modeling

As part of the Navy’s prudent approach, a variety of conservative assumptions were used in
research and modeling efforts.
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These include the following:

• Human Diver Hearing: The comprehensive study conducted by ONR and NSMRL
between June 1997 and November 1998 in conjunction with a consortium of university
and military laboratories (see TR 3) concluded that the maximum intensity used during
testing (157 dB RL) did not produce physiological evidence of damage in human
subjects. Furthermore, there was only a two percent aversion reaction subjectively judged
as "very severe" by divers at 148 dB RL. NSMRL adopted a very conservative approach
and determined that scaling back the intensity by 3 dB (which equates to a 50 percent
reduction in signal strength) would provide a suitable margin of safety for commercial
and recreational divers.  Hence, operation of SURTASS LFA sonar systems would be
restricted to 145-dB received levels in known areas of recreational and commercial
diving.

• Use of Baleen Whales as Surrogates: Baleen whales (mysticetes) were selected, after
review by an independent, broad group of interested parties, as the marine animals most
at risk. Baleen whales were used as surrogates for other marine animals in these studies
because: 1) they produce and use LF sounds, 2) they are considered most likely among all
marine animals to have the best hearing in the SURTASS LFA sonar frequency band, 3)
they have protected status under law, and 4) there is prior evidence of their avoidance
responses to LF sounds.

• Use of 180-dB Threshold: An assessment of the point above which LF sound could
potentially cause the onset of injury to marine animals was made, based on scientific
research and review of data. A single-ping RL of 180 dB was assumed for the modeling;
this level is considered conservative, as detailed herein.

• Site Selection: For the acoustic modeling, locations covering the major ocean regions of
the world were carefully selected to represent reasonable SURTASS LFA sonar
employment. Sites were selected to model the highest potential for effects from the use of
SURTASS LFA sonar, and incorporated the following factors:

− Closest operationally plausible proximity to land (from a SURTASS LFA
sonar operations standpoint), where biodiversities are high, and/or
offshore biologically important areas are present (particularly for animals
most likely to be affected);

− Acoustic propagation conditions that allow minimum propagation loss or
transmission loss (TL) (i.e., longest acoustic transmission ranges); and

− Time of year selected for maximum animal abundance.

• Risk Threshold: The assumption that risk could begin at 119 dB is a practical
approximation of the RL below which the risk of a prolonged disturbance of a
biologically important behavior approaches zero. In all three phases of the LFS SRP,
most animals showed minimal response to SURTASS LFA sonar signals at RLs up to
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155 dB, and those individuals that did show a response resumed normal activities within
tens of minutes.

• Cumulative Exposure: Another conservative assumption involved the potential effects
of cumulative exposure. The analysis assumed that the single-ping equivalent (SPE) level
scaled in accordance with previous studies of TTS that dealt with continuous sound, even
though SURTASS LFA sonar pings would be separated by 6 to 15 minutes of silence.
The 20 percent (maximum) duty cycle of SURTASS LFA sonar transmissions implies
that any cumulative effect would be less than that for continuous sounds.

• Number of Marine Animals Potentially Affected: The acoustic modeling simulations
incorporated conservative assumptions regarding the fraction of the regional stock in the
area potentially affected by the hypothetical SURTASS LFA sonar operation and their
animal movement patterns. Scientific data are typically reported with 95 percent
confidence intervals. However, in order to run the acoustic model, an exact number of
animals must be specified. Therefore, the upper end of the 95 percent confidence interval
was used for stock densities and abundances.
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